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PREFACE. 


Numerous works on the elementary principles of 
Botany, and many of them very excellent pro- 
ductions, have been published, both in this coun- 
try and on the continent, within the last twenty 
years: and, by pointing out the mode -of inves- 
tigating the laws of vegetable life, have done 
much to remove an objection to the study of Bo- 
tanical science, which had long prevailed, “ that 
“ it is a pursuit that amuses the fancy and ex- 
“ ercises the memory, without improving the mind 
“or advancing any real knowledge Under 
these circumstances, the publication of a new 
work on this subject may require some apology; 
and it was not my intention to have placed the fol- 
lowing Lectures before the public, had I not ac- 
cidentally met with a manuscript copy of them, 

* White's Nat. Hist, ef Selborne, 8vo. London, 1822, vol. 
ii. p. 38. 
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as they were delivered to my pupils^ exposM for 
sale in a bookseller’s shop. Reflecting, therefore, 
that any peculiar theories connected with vege- 
table physiology, which I had taught, and of 
which little more than outlines had been sketched 
for the class-room, were likely to be much mis- 
represented, and even that many of the facts 
taken from authors might be misstated, justice to 
my reputation required that I should rather pub- 
lish my own opinions, than run the hazard of 
their getting into the press in a mutilated condi- 
tion. In revising my manuscript, however, for 
this purpose, I found that the view of the sub- 
ject opened before me, that one investigation led 
on to another; and that a frequent appeal to 
ture forced me to reject much of what 1 had for- 
merly regarded as truth ; so that the work im- 
perceptibly extended far beyond the limits I had 
allotted to it; and, now, retain^, Uttle more thqp. 
the name and the urrang^pent of the or^ifi^ 
Lectures. , ^ ... ... , - 

, The present yolqme treats .of .tl?e foffl^s .^pd, 
the anatomy of those organs which are necessary 
for the growth and the preservation of the yege-^ 
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table ‘individual; and, although it does not pro- 
fess to .enter, fully into the explanation of the laws 
which regulate the functions of these organic 
structures, yet, much of physiology has been in- 
troduced, both to illustrate the descriptions, and 
to relieve the dryness of the anatomical details. 
ITie necessity of an accurate knowledge of struc- 
ture, will be fully perceived in the perusal of the 
physiological discussions which are intended to 
form the subject of the second volume. I trust 
that the plan of illustrating the descriptions 
by the introduction of cuts into the body of the 
letter-press, will be found of considerable assist- 
ance to the student; and tliat the engraved plates, 
although not all of equal merit in point of execu- 
tion, will, nevertheless, be found sufficient for 
conveying correct ideas of those parts, which, 
from their minuteness, are necessarily microscopic 
objects. 

As an apology for errors which may be detected 
in the volume, I might plead the inteiTuptions, 
anxieties, and unremitting duties of very exten- 
sive professional occupations ; but, as I am aware 
that no author is dragged before the tribunal of 
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EXPLANATION OP THE PLATES. XUi 

the base of the stem ; e. the runner ; d, the embryon bulb ; 
e. the place where the runner of the adult bulb has sepa- 
rated; ^r. roots, (p. 176)i 

Fig. 7. A scale of a bulb of Lilium pomponium: a, h, two young 
bulbs formed on it. (p. 176). 

8. A portion of a scale of Lilium superbum^ with a bulb formed 

on its margin ; a, root of the young bulb. (p. 176). 

9. Congregated bulbs of Saxifraga granulata ; a. the bases of 

the leaves and stem. • 

10. a. The plantule taken from a bulb of fig. 9. ; h, the plantule 
in a state of vegetation, (p. 178). 


PLATE III. ( in two parts,) 

1. A transverse section of the bulb ^f NarHsses ; 

a. a, two young bulbs rising between the second and third 
layers ; h, the roots protruded from the radical plate which 
is hid by the position of the bulb. (p. 180). 

2. A bulb of Allium victorialis: a, the outer layer of the bulb 

extended into the sheathing stem ; b, the reticulated layers ; 

c. the caudex; d.d, the roots, (p. 182). 

3. A vertical section of the bulb, fig. 2. ; a. the succulent la^xrs 

extending into the stem; b, the old reticulated layers ; ct 
the caudex ; d, d, the young bulbs, (p. 183). 

4. A tulip bulb ; a. a portion of the flower st^k ; b. the new 

flower bulb ; c. c. the exterior tunic of the exhausted bulb ; 

d. a lateral leaf bulb. (p. 182). 

5. Transverse section of a tulip bulb ; a, the base of the flower 

stalk ; b. remains of the layers of the exhausted bulb ; c. 
the new bulb. (p. 180). 

6. ( Middle of the plate.) Longitudinal section of a tulip bulb ; 

a, the flower stem ; b. b. b. tunics of the exhausted bulb : c. 
the young flower bulb in its tunic d.d.d.; e. the point of 
conjunction of the new bulb, with the parent, (p. 182). 

6, 7. Bulbs of Hyacinthus orientalis: a, the body of the bulb; 

b. the manner in which the layers ot^erlap one another ; r. 

b 3 
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the base of the stem ; e. the ruimer ; d, the embryon bulb; 
e, the place where the ruimer of the adult bulb has sepa- 
rated; roots, (p. 176). 

Fig. 7. A scale of a bulb of Lilium pomponium: a. h, two young 
bulbs formed on it. (p. 176). 

8. A portion of a scale of Lilium superhum^ with a bulb formed 

on its margin ; a. root of the young bulb. (p. 176). 

9. Congregated bulbs of Saxifraga granulata ; a. the bases of 

the leaves and stem. ♦ 

10. a. The plantule taken from a bulb of 6g. 9. ; 6. the plantule 
in a state of vegetation, (p. 178). 


PLATE III. ( in two parts,) 

1. A transverse section of the bulb ^f Narcissus 

a, a, two young bulbs rising between the second and third 
layers ; h, the roots protruded from the radical plate which 
is hid by the position of the bulb. (p. 180). 

2. A bulb of Allium victorialis: a, the outer layer of the bulb 

extended into the sheathing stem ; h, the reticulated layers ; 

c, the caudex; d.d. the roots, (p. 182). 

3. A vertical section of the bulb, fig. 2. ; a, the succulent layers 

extending into the stem ; h, the old reticulated layers ; e« 
the caudex ; d, d, the young bulbs, (p. 183). 

4. A tulip bulb : a, a portion of the flower stalk ; h, the new 

flower bulb ; c. c, the exterior tunic of the exhausted bulb ; 

d, a lateral leaf bulb. (p. 182). 

d. Transverse section of a tulip bulb ; a. the base of the flower 
stalk ; h, remains of the layers of the exhausted bulb ; c. 
the new bulb. (p. 180), 

6. ( Middle of the plate,) Longitudinal section of a tulip bulb ; 

a, the flower stem ; b, b, b, tunics of the exhausted bulb : c. 
the young flower bulb in its tunic d, d, d, ; e. the point of 
conjunction of the new bulb, with the parent, (p. 182). 

6, 7. Bulbs of Hyacinthus orientalis: a, the body of the bulb; 

b. the manner in which the layers osrerlap one another; r. 

1: 3 
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the radical plate; d. young lateral leaf bulbs; e. (fig. 6.), 
a bulb which has produced leaves this season, formed veith- 
in the coats of the parent'bulb. (p. 183). . 

Klg. 8. A longitudinal section of fig. 6. : a. the caudex; b, the young 
bulb ; c. c. the remains of this year's plant, (p. 184). 

9. A transverse section of fig. 6. (bottom of the plate): a, the 
young bulb; b. the old or parent bulb; c. c, roots, (p. 184). 

10. A bulb of Allium sativum^ denuded of its outer or sheathing 

anics : a, the young Ifulbs ; b, c, d. e. remains of the 
oeathing layers; /. the caudex and roots, (p. 187). 

11. A longitudinal section of fig. 10.: a, the caudex; r. d, 

the sheathing layers which terminate in leaves, (p. 186). 

12. A. The bulb of Fritillaria Pyreniaca : a, a, the two hemi- 

spheres, which are conjoined at the caudex ; b, the flower 
stalk rising between them ; c. the r 'ots • B. a, a, one of the 
hemispheres separated from the other; b»b, the young 
bulbs; c. the flower stalk ; d, the roots, (p. 172). 

PLATE IV. 

1. A twig of Cullumia ciliaris. (p. 267). 

2. A twig of Acacia decipiens, (p. 267). 

3. A twig of Acacia alata, (p. 267). 

4* A portion of the stem of Ruta graveolens, (p. 266). 

6, The flower bod of CEnothcra grandifiora, which is macu- 
lated. (p. 266). 

6. A perfoliate stem, as demonstrated in Ghlora perfoliata, (p. 

267) . 

7. The stem of Lathyrus latifoliue; illustrative of the winged 

and the stipulated stem ; a. a. a. a. stipules (p. 267). 

8. A portion of the stem of Passiflora quadrangularis : a, «. 

tendrils (p. G&J) ; b, b* stipules ; c. c. c. glands. 

9. A portion of the stem of Lilium superhum: a. a, bulbs, (p. 

268) . 

10. A portion oL the stem of Cactus fageUiformis* (p. 2(}8). 
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PLATE V. 

Fig. 1. Longitudinal section of Agaiicus proeerut: u. the stem ; h 
the lax pith ; e, a fragment of the pileus. (p. 

2. Portion of the stem of Ptychosperma gracilU (from Mirbel): 

a. exterior ligneous and vascular bundles; interior lig. 
neous and vascular bundles, (p. 299). 

3. A. A transverse slice of the stem of Trigridia pavonia, of 

the natural size : B. a portion of the same magnified*, (p. 
294), 

4. A longitudinal section of the scape of Typha latifolia. (p. 

294). 

5. A. A transverse slice of the stem of Allium molly, B. 

a portion of the above slice magnified; a. the cutis; 
vascular bundles: C. a magnified vertical section of the 
above : a, the cutis ; h, vascular cords ; r. cellular mat- 
ter: D. the natural size of the part, of which C. is one 
half, highly magnified. 

6. Portion of a transverse slice of the stem of Juncus conglo^ 

meratusy highly magnified ; a, the pith; h, the cortex; c,d, 
bundles of spiral vessels ; e, air cells dividing the vascular 
cords ; /. bundles of proper vessels, forming the strise on 
the surface of the stem : g. g. lacunse between the cortex 
and tlie pith. 

7. Section of a transverse slice of the stem of Hippuris 

highly magnified: a. the exterior or cellular part; h, the 
centre, which is vascular; c. an uncoiled vessel. • 

8. A. A transverse slice of the culm of Triticum ^stivumy 

slightly magnified. B. a vertical section of one side of 
the tube, highly magnified: a. longitudinal cells, under the 
epidermis; the pith; c. a spiral vessel. C. a transverse* 
section of a portion of the above slice, highly magnified ; 
a, the cutis ; b, c. vascular bundles, (p. 301). 

Vertical section of a portion of the stem of Tradescantia 
virginica: a, a. a, a. a, a, a, vascular cords; h.h. fragments of 
the base of the leaf, which in this plant is sheathing. 
b4* 
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Fig. 10. A small porti5i) of the above, highly magnified, to display 
the nature of the vessels : a. the kind of sheath in which 
the rings forming the vessels, h. b, b, are enclosed. 

11. The articulation of the culm of Triticum astivum split: o. 

the lower joint terminating in a sheathing leaf; b, the 
new joint, (p. 300). 

12. The cmticle of the culm of Triticum astivum^ to demonstrate 

its respiratoty pores, (p. 302). 

13. The cuticle of Juncus conglomeratus : a. a. portions which 

cover the striae, and which are devoid of respiratory pores ; 
b. portion between the striae thickly studded with pores. 
(p.302). 

14. Transverse slice of an apple twig (copied from Mr. Knight’s 

plate in the Philosophical Transactions ) ; a, the bark ; b, the 
alburnum or young wood ; c. the pith. 

15. A terminal twig of iEsculus Hippocastanum split down the 

middle; a. the pith; A the wood; c. the cortex; d,e, buds 
or gems ; /. g, the bases of the petioles of two leaves, 
which are cut ofl*; A i, cords of vessels connecting the pe- 
tiole with the stem ; h. terminal leaf bud. (p. 316.) 


PLATE VI. 

2. A. A thin transverse slice of a twig of iEsculus Hippocas^ 

tanum: B. the dark-coloured portion of the slice A, sepa- 
rated, and very highly magnified; «. the cuticle; A. ex- 
terior layer of the cellular integument; c. interior layer of 
the cellular integument; d, vascular layer of the cortex 
• e, liber ; * idbumum in its first stage ; /. perfect wood ; g, a 
divergent layer; A. large vessels of the wood; i. medullary 
sheath; A. pith. (p. 319 — 406). 

3. A transverse slice of a twig of Sambucus nigra in the first 

year of its growth, (p. 336). 

4. Slice of a two years’ old branch of Sambucus nigra, (p. 336). 

6. Slice of a three years’ old branch of Sambucus nigra, (p. 
336), . 
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Fig. 6. Longitudinal section of a portion of the stem, and a branch 
of Sambucus nigra; a. the upper part of the trunk, in 
whichc. the pith, occupies the centre; h, the branch; d. its 
pith ; e. the wood j^roduced by the branch ; f, f, two abor- 
tive buds. (p. 368). 

7. A vertical section of the dark portion of A. fig. 2.: a, the 

cortex, consisting of, 1 . the cuticle ; 2. the cellular integu- 
ment; 3. the. vascular layer, in which the character of the 
proper ^pssels is displayed ; and, 4. the liber or inner bark ; 
h, the half-organized alburnum ; r. to d, the perfect wood, 
consisting of 5. 5. 5. some porous, others entire small ves- 
sels ; and 6. large porous vessels (p. 332) ; d. to e. the me- 
dullary sheath, containing 7.7.7. spiral vessels, and 8 ob- 
long porous cells ; e. to /. pith ; * fragments of the cells 

of a divergent layer, (p. 330 — 406). 

8. A. Fragment of a transverse slice of the trunk of an old 

elder tree : B. the same highly magnified ; a. a. a. a. vessels 
of the concentric layers ; h, b, b, the concentric layers ; 
c. c. c. the divergent layers. 

9. Longitudinal slice, from the shoot of a vine, which was laid 

down to root; a. the pith; 6. last year's wood; c. the pre- 
sent year's wood in its al burnous state ; e, a root protruded 
from the alburnum. 

10. A. Portion of a thin transverse slice of an old stem of Sy- 

ringa vulgaris: B. tlie same highly magnified ; a. various 
layers of cuticle, the innermost only of which retains its 
vitality (p. 321) ; b. b. ligneous layers ; c. c. large vessels 
between the ligneous layers ; d. alburnum. * 

11. Twig of Juglans regia split to show the diftphragms which 

constitute its pith. 

PLATE VII. 

I. A. Idhgmfied view oi the emhiyon leaf-bud, in Syringa rni- 

} a. tl>e gem ; i. Ike Jaoera^ed Laso of the AKvistalk of 

?f*m. ip. 3bt). ^ » 
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Fig, 2.. Longitudinal section of dg. 1.: a. section of one of the lobes 
of the embryon bud; b. base of the petiole; c, a part of 
tha stem ; d, spiral vessels entering the petiole ; /. liber ; 
pith ; t. alburnum, (p. 386^ 

3. Transverse section of fig. 1 : a. the embryon bud ; c, liber ; 

d. alburnum ; e. pith. (p. 386). 

4. None. 

6. Wedge cut from the trunk of a lilac tree twenty years old : 
a. a bud not yet completely developeciPf b, one fully de- 
veloped : both originated in the first year’s growth of the 
part, (p.392). 

6. Longitudinal section of a bud of Syringa vulgorisy cut in 

autumn : a, rudiment of the pith of the cmbiyon branch; h, 
alburnum of the embryon branch ; c, c, c, scales of the bud ; 
d. the germ; e. cicatrix of the fallen leaf ; f, rudiments of 
spiral vessels; g. the cortex; L the alburnum; i, the me- 
dullary shtath ; and A. the medulla of the twig bearing the 
bud. (p. 387). 

7. A. Transverse section of a branch of Philadelphus corona- 

riusj eight years old : a.b.c, buds just developed, but the 
origin of which may be traced to the first year's growth of 
the branch (p. 392). B. a portion of the two innermost 
ligneous circles of A, highly magnified: a.A.c. the tracks 
of the buds conjoined, and connected with the medulla of 
the branch. 

8. Wedge from^the trunk of a Lilac, ten years old: e, a blighted 

• • bud. 

9. Longitudinal section of a bod of Lilac, three weeks after the 
* protrusion of the branch on which it is seated: a, the em- 
biyon of the future branch; b, c. rudiments of the scales of 
the bud. 

10. Transverse section of a twig of Lilac three years old, made 

immediately below an adventitious bud ; a. the origin of 
the bud i^ the medullary sheath of the twig; A. outer 
scales; c. foliar scales,* showing the transition from scales 
to leaves ; hi'st leaf of the protruding branch. 

11. Transverse section of ibe root of the vine: a, cuticle and 
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parenchyma of the cortex ; h. the divided proper vessels 
of the cortex; c. the divided ligneous vessels of the 
centre* ' 


PLATE VIII. 

Fig. 1. A. The fibril of a root greatly magnified; «. the vessels in 
the centre seen through the semitranspaient cortex ; h, the 
natural size of the fibrils : B. transverse section of A. : a. 
the central vessels ; h.c. the cellular cortex; d, the section 
of its natural size. 

2. A. Transverse slice of the stem of Bryonia alba: B. the 

same slice moderately magnified. 

3. Portion of the cuticle of the stem of Bryonia alba greatly 

magnified ; a, a, green, reticulated, lozenge-shape spots on 
it. 

4. A. Transverse slice of one angle of fig. 2. highly magnified: 

a, a. exterior cortical layer; h.b.Lh, processes of the green, 
interior, cortical layer piercing the exterior; e.e. vascular 
cortical layer; d,d. cellular mass of the stem;/, largest 
spiral vessel of the vascular fasciculus; g, h, smaller spiral 
vessels; e. i, entire vessels of the fasciculus (p. 416). B. 
longitudinal section of A. : the references are the same as 
the former, (p. 416). 

6. Separated fragments of the vessels, forming the vascular 
fasciculi in herbaceous stems, highly magnified ; a, an an- 
nular vessel; b, a spiral vessel ; c, a membranous annu- 
lated vessel, (p. 417). 

6. A. Transverse slice of the stem of Rubia tinctorum mode- 

rately magnified ; fl. the cortex; h, vascular layer ; c. cel- 
lular pulp. B. one corner of the above highly magnified ; 
a. a, exterior green cortical layer, immediately widiin the 
cuticle; h,b, interior green cortical layer; c.c. layer of 
proper vessels; d, ligneous layer containing the sap or 
spiral vessels ; e, e. e. cellular pulp. 

7. Portion of a proper or returning vessel, highly magnified. 

8. Portion of a transverse slice of the stem of Hemlock; a. the 
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eiiticle; h,h, lar^Q fasciculi of proper vessels; c, cellular 
integument ; d. d. larger fasciculi of sap or spiral vessels ; 
e, a smaller fasciculus of sap vessels, accompanied with 
two fasciculi of proper vessels ; /. cellular pulp. 

Fig. 9. Longitudinal section, passing through the centre of tig. 8. : 
a, cellular mass of the cortex ; h, fasciculus of proper ves- 
sels; c. slip of cellular matter; d. oblong cells; e. fasci- 
culus of sap or spiral vessels; /, oblong cells; g, pith; A. 
condensation of the pith, forming a part of the septum in 
this hollow stem. 

10. Transverse section of the petiole in Syringa vulgaris: a. the 

cortex ; 5. cellular parenchyma ; c. c. small distinct fasci- 
culi of sap vessels ; d. spiral vessels forming the central 
fasciculus ; c. proper vessels, exterior to the sap vessels, (p. 
575). 

11. Transverse section of the ;'it<o!e in Sambucus nigra; 

a. a, a, a, a. distinct fasciculi of proper vessels; h,hh,h,h, 
distinct vascular fasciculi, consisting of spiral and proper 
vessels, (p. 576). 


PLATE IX. 

1. A hairy stem. (p. 269). 

2. A hispid stem. (p. 270). 

3. A shaggy stem. (p. 270). 

4. A woolly stem, Ballota lanata, (p. 270). 

5. A silky stem. (p. 270). 

6. A warty stem, Euonymus verrucosus, (p. 272). 

7. A vesicular stem, Mesembryanthemum crgstallinum. (p. 272). 

8. None. 

9. None. 

10. Simple hairs; a.b. long flexible hairs, which produce pt- 

lose, woolly, and shaggy surfaces, very highly magni- 
fied, to demonstrate their articulated character; r. the 
slight, subulate, inclining hair, which produces the silky 
surface, (p. 639). 
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Fig. 11. Subulate erect faair^ alsolarticalated. (p. 640). 

12. Blunt, erect, articulated hair of Atropa Be^^</on7ta.(p.640). 

13, 14. Hooked hairs, which produce the velvety feeling of the 

surface of some leaves, (p. 640). 

16. A stipitate gland, (p. 636). 

16. Branched hair of Marrubium (p. 641). 

17. Stellated hairs of Althaea (p. 641 ). 

18. Awl-shaped brisOe of Symphytum ori^tale, (p. 642). 

19. Barbed bristle of Mimosa sensitiva, (p. 642). 

20. Subulate hollow bristle of Borago officinalis, (p. 642). 

21. Sting of the nettle: a, the snimlate hollow bri^ .!e ; h. tbr 

cellular bag or sponge containing the poison ; c. natural 
size of the sting (p. 642). 

22. Spindle-shaped bristle of Malpighia urens, (p* 643). 

23. 24. Forked bristles, (p. 644). 

25. Bristle of Humulus lupulm (p. 644). 

26. Fasciculate bristle of Cactus ffiigelliformis. (p. 644). 

27. A papillary gland ; a, the gland, much magnified ; b, its 

real size. 

28. A. Two series of compound papillary glands moderately 

magnified. B, one of these glands highly magnified ; a. 
six distinct glandules ; b, the excretory pore ; c. a similar 
pore free from obstruction, (p. 634). 

29. A. A squamous gland moderately magnified : B. one of 

these glands, highly magnified ; b. the sc&ly border; c. 
the gland, (p. 633). 

30. A cup-shaped gland, (p. 635). 

31. A knob-shaped gland, (p. 636). 

32. A branched pediculated gland, (p. 636). 

PLATE X, 

'* ♦ 

L Part of a leaf of Cotyledon cafyctittfia; a.«.a.a.a. young 
plimts springing from the serratures of the leaf. (p. 642). 

2. Skeleton of theTleaf of Ficus religiosa: «. the midrib; 
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b,b,b,h, arches formed by the inosculation of the vas- 
cular fasciculi of the principal costae, (p. 572.) 

Fi^. 3. Appearance of the cuticular pores ; and the course of the 
lymphatics on the inferior disk of the leaf of Hoy a 
camosa. 

4. Appearance of the cuticular lymphatics on the superior 

disk of the leaf of Hoya carnosa. (p. 605). 

5. Leaf of Dionaea muscipula: a, three stiff setae on the su- 

perior disk of each lobe of the trap-like appendage ; h, 
setae on the margin of the appendage ; c. the proper leaf. 

6. One of the setae of the disk of the appendage highly mag- 

nified ; a. the b^ae, which is cellular, and continuous with 
the cuticle of the lobe on which it is . eated ; b, the bristle, 
which is rigid. 

7. Transverse section of the articulation between the chan- 

nelled part of the petiole and the leaf, in Phaseolus vul- 
garis: a, the whole of the vascular fasciculi collected into 
* one centra! fasciculus. 

8. Transverse slice of the channelled part of the petiole, in 

Phaseolus vulgaris: a, a, a. vascular fasciculi forming a 
circle within the cutis; h,h, two distinct fasciculi, (p. 
577). 

9. Cuticle of the inferior disk of the leaf of Rumex acetosa: 

a. a, chticular pores; 6. ft. lymphatics. 

10. Cuticle of the superior disk of Rumex acetosa : a. cuticu- 

lar pore ; ft. lymphatic. 

11^ Transverse slice of a portion of the expansion of a leaf of 
Zea Mags: a. a, cuticle; ft. the parenchyma or substance 
of the leaf ; c. c, one of the visible costae ; d. e, d, e, d, fas- 
ciculi of vessels not visible on the surface of the leaf; 
. /. /. two spaces, more cellular than the rest of the leaf, 

guarded on each side by short, subulate spines, (p. 561). 

12. Transverse slice of the petiole of Trapa natonr: a, a, the 
vacuities; which are filled with air ; ft. ft. ft. diaphragms 
which separate one vacuity from another, in the length of 
the petiole ; r. vascular fasciculi occupying the centre of 
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Fig. 13. Oneoftheabove-mentiofed diaphragms separated; a. the 
ceUular sides of the vacuity; 6, the diaphragm, which is 
slightly convex on the exposed surface, (p. 606). 

14. Portion of the cuticle of the leaf of.Zea Jfcys: a, a, the 

cuticular or pneumatic pores ; 6, i, the lymphatic vessels. 
(p.605). 

15. Structure of the cuticular pore in the leaf of Zea Mays, 

16. Transverse slice of a portion of the leaf of Hoya camosa: 

a, the cutis of the superior, h, that of the inferior surface, 
(p. 590). 



CORRIGENDA. 


Thi reader is requested to make the following Corrections before 
commencing the perusal of the volume. 


Pa^e 84, /. 1 for become read becomes. 

87, /. 9, //t'/e justly. 

10(i, 1. 12, notOf for occasions rctf// occasion. 

\49, t. 2;, between the woT4»**ia” and “ formation,'* put ‘*the." 

. 178, f. 3 from boUom, for h. read a. 

ib. 1. 4 , for a, read b. 

938, U 5, for Athemis read Atitbemis. 

996, /. 9, for Anoetfacra read (Enotliera. 

998, /. 95, for setaceo^is read setaceosus. 

969, L 9 from bottom, for 5 read 9. 

970, f. 4, 16, 90, 95, for 5 remf 9. 

979, L 6, 10, for 6 read 9. 

988, 1. 10, for (Enatbe remf CEiiantbe. 

399, 1. 15, for 6* read 7. A. 

409, f* 9, for*/»«ft, and f. 91, forfpitt*. 

416, /. 1, for I, L LI. readb.b.b. h. 

494, L Q from bottom, for Plate 9 read Plate 8. 

466, /. 90, for Plate 9 read Plate 8. 

406, /. 18, for Dycotyledons reatf Dicotyledons. 

489, /. 4, for stems read roots. 

464, L 5, for woody read woolly. 

495, nota, for species read specimen. 

494, /. 3, for clrrose read cirrhose. 

501, L 18, for shined read shining. 

517, L 16, for seveal rcflrf several. 

561, L 99 and 96, for fig. 13 read fig. 1 1 . 

669. 1. 6, for fig. 13 read fig. 1 1. 

564, /. 3, for “ is a few proper vessels surrounded 4y,** read ** it sur- 
rounded by a few proper vessels.*' 

597, I* 18, for fig. 14 read fig. 16. 
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LECTURE I. 

INTRODUCTION — SKETCH OP THE RISE AND PROORESS 

OF BOTANY UTILITY OF THE SCIENCE METHOD 

OP STUDYING IT, AND PLAN OP THE COURSE. 

GENTLEMEN, 

In commencing a Course of Lectures 
on any branch of science, the Lecturer must ne- 
cessarily regard his auditors as totally ignorant of 
the subject of which he is about to treat ; and must 
endeavour not only to awaken their love for it, 
by conveying some idea of its nature, and the 
advantages to be derived from the study of it, 
but, by tracing its origin and progress, or enter- 
ing into the details of its history, to elevate their 
ideas of its importance, by a display of the great 
and illustrious names that swell the catalogue of 
its votaries, and of the estimation in which it has 
been held by mankind in prior ages. 

VOL. I,. B 
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SKETCH OF THE RISE 


[lkct. I. 

Whilst I acknowledge the propriety of this 
custom, I must at the same time observe, that, 
in following it, I do not intend to enter minutely 
into the history of the science we are about to 
investigate, but, tracing merely a sketch of the 
rise and progress of Botany, rather to excite your 
esteem for it by a display of its utility. 

Botany derives its name from Borav-?, a Greek 
word whicii signifies an herb. It is that branch 
of Natural History which concerns vegetables ; 
which teaches the knowledge of their structure, 
habits, and properties ; and to distinguish differ- 
ent plants from each other *. That part of the 
science which treats of the structure, habits, and 
properties of plants, is particularly distinguished 
by the term PnY’i(>’.o' y •, tliat wliicb refers to the 
classification of plants by their exterior characters, 
80 that one species may be readily distinguished 
from another, is denominated Systematic Botany. 
7 ’he knowledge of both of these parts is requisite 
^to constitute a true Botanist. But it is further 
my intention, in this Course of Lectures, to enter 
upon a third branch, particularly interesting to 
those who desire to become acquainted with the 
economical and medicinal uses of plants ; as it 
refers to their poisonous properties, and the ac- 

* *' Butanicc cst sciuntiu naturalis, (ju® Vegclahitiiim cog- 
“ nitionen tradit.” LmN.cu», Phil. Bot, Iniroducl, § i.. 
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tion of vegetable poisons, on the animal system. 
This branch of botanical science I would distin- 
guish by the term Vegetable Toxicology. 

In making a rapid sketch of the rise and pro- 
gress of the science of Botany, I cannot avoid 
taking notice of that wonderful love of antiquity 
which seems to be so congenial to the human 
mind, that whatever bears the rust of past ages, 
appears to rise proportionally in the esteem of 
mankind. Hence every one is anxious to date 
the origin of the particular art or scienfe which 
he professes, from the earliest times ; and to in- 
crease the respect in which he would wish it to be 
held by impressing upon it the stamp of antiquity. 
Thus Tubal Cain has been regarded as the father 
of Chemistry, and iEsculapins that of Medicine : 
in the idle hours of the Egyptian shepherds, the 
sublime speculations of Astronomy are supposed 
to have commenced ; and, if we were to indulge 
Fancy in her flights, we might with equal truth, 
perhaps, trace Botany to a period nearly coeval , 
with the creation of the human race. But such 
conjectures, as they are vague and fanciftil only, 
cannot be useful or satisfactoiy even as objects of 
simple curiosity ; and it is impossible to say what 
was the state of the arts and the sciences in the 
early ages, the oral records of which, for we 
cannot suppose that any other existed, have long 
since passed away, and left imagination to fill 
B 2 
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Up the blatik. More c,ertain data for tracings the 
ori^n of art and science in the infancy of society 
have been affor(ied by the discoveries of modern 
circumnavigators. In those stages of it, which 
their labours have opened to our view, we per- 
ceive something like the fine arts, and some of 
the more useful sciences, awakening at a very 
early peiiod. We behold Music, Poetry, Sculp- 
ture, and Painting, in their infant state, walking 
hand in hand with civilization ; and, even before 
the savage has thrown aside the d ’Cr-skin and the 
club, their influence actuating his feelings and 
energies, and having a pilncipal share in the 
formation of his character. V*'e observe them 
kindling by degrees the social and benevolent af- 
fections in the luunan bosojii ; binding man to 
his native soil, by uniting agreeable associations 
with locality ; forming the first medium of histo- 
rical record ; laying the foundation of govern- 
ment ; exciting emulation ; and sowing the seeds 
of patriotism. In this dawn of society, something 
like Botany is also to be seen. The plants which 
surround the human savage are the ornaments of 
the earth. Nature has bestowed upon them a 
great diversity of form, of magnitude, of colour, 
and of odour, equally fitted to attract the attention, 
to delight the senses, and to administer to the ne- 
cessities of mankind. n»e umbrageous tree, there- 
fore, under which uncivilized man shelters himself 
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from tlie ardour of the meridian blaze, the flower 

• 

whicli charms his eye, and the fruit that allures 
and pleases his appetite, excite in him the desire 
of knowing them again ; he marks some peculiar 
feature or characteristic which he observes in 
them ; and by these they are ever after recog- 
nised. He even proceeds, in some degree, to 
name and to class them. Thus, whatever may 
be the language which is the medium of his ideas, 
he confers a name on a fniit which he has seen 
and tasted. Let us suppose the term he has em- 
ployed to be ‘plum, and that the fruit is of a 
green colour. In a short time, meeting with fruit 
resembling in shape and some other circum- 
stances that which he already knows by the 
name of plum, but of a purple colour, he names 
this a purple plum ; and in the same manner he 
denominates a third a yellow plum. Here plum 
is the generic term, and green, purple, and yel- 
low, specific appellations. In thus acting, there- 
fore, the savage makes a step towards a science, , 
which, as such, is unknown to him ; and, without 
intending it, performs one office of the Botanist. 

But it is not till long after this period, till 
society has attained some regular form, and till 
men begin to perceive that a concurrence of similar 
circumstances is necessary for the reproduction 
of certfun appearances, and that the operations of 
nature are not the effects of fortuitous causes, 

b3 
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that science really begins to dawn. It was in this 
state in Chaldea, when Botany, which is said 
by Botanical historians to have oiiginated there, 
made its appearance as subservient to medicine. 
That the sufferings, as well as the wants of the 
human body should have given rise to the know- 
ledge of the medicinal properties of vegetables'is not 
surprising : for one of the unhappy but ordinary 
effects of tlie advancement of society is a violation 
of the laws of Nature, inasmuch as these regulate 
our appetites and tastes, the natural consequence 
of which is the production of diseases. To ob- 
viate these evils, remedies were to be sought for ; 
and, either by accident, or by observing the effect 
of instinct on the lower animals, they were first 
obtained from the vegetable kingdom. 

The knowledge of plants which the Chaldeans 
had gained for so important a purpose, was trea- 
sured up as a rich legacy, to be handed down 
from father to son ; and in this manner the infant 
science was cherished till it passed into Egypt. 
With the Egyptians, however, and even with the 
Greeks, who received the science from I^ypt, it 
did not make any great advances. Accustomed 
to rest too much upon genius and reflection, and 
careless of facts, the Grecian philosophers ad- 
vanced the most absurd doctrines regarding ve- 
getable life. They taught that plants possess a 
sensible and reasonable soul; have desires and 
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wishes ; and are capable of experiencing pleasure 
and pain. Empedocles eVen, to whom, however, 
is due the merit of having first hinted at the 
sexes of plants, went so far as to assert that, 
after a time, plants change to animals, and then 
the sexual organs, which in the vegetable state 
are frequently united in one individual, become 
separated. 

In Greece, for a long period, the knowledge of 
plants was altogether confined to the Asclepiades or 
priests of .^Esculapius, who were the physicians of 
their time: and in the highest plenitude of the 
taste, elegance, and learning of the Grecian Com- 
monwealth ; even in that happy period, when the 
effulgence of Grecian genius burst forth in all its 
splendour, and shone till the time of Alexander 
the Macedonian, Botany had attained but a very 
limited extent, among the other sciences then cul- 
tivated. In the works of Theophrastus, who lived 
about three hundred years before Christ, and in- 
herited the learning of his great masters, Plato 
and Aristoti.e, may be seen all that was known 
at that time regarding vegetables. His History 
of Plants, entitled, ILff (pvruv foTOf/of *, contains 
the description of only five hundred species, which 
were officinal, or used for the cure of diseases. 

* Tlifi ^vTtm yioitft, >eu Historise Plantarum, lib. ix. cum 
Comment. J. C. Scaliqebi et J. Bodjei a Stbpcl. Amttrdam, 
16 M. 
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The Roiimns, that extraordinary people, who, for 
the space of seven hundred years that they were 
engaged in almost perpetual wars and commo- 
tions, spread by the force of the sword, the bless- 
ings of civilization over the barbarous part of 
the world ; and wlio drew all their knowledge from 
the more refined nations over whom their arms 
had triumphed, began to study Botany, soon 
after their victory over Mithridates. They did 
not, however, add much to *he discoveries of their 
instructors. The works of Dioscorides, a native 
of Anagarba in Cilicia, who flouriahed under the 
tyranny of Nero, and wrote on the Materia Me- 
dica *, contain descriptions of scarcely more 
than six hundred plants ; and the elder Pliny 
who flourished a short time (about sixty-four 
years) prior to the birth of Christ, after hav- 
ing collected all the information of his prede- 
cessors, has described one thousand plants only ; 
but he acknowledged there were many more, 
which, however, as they had no names, and were 
of no use, he did not describe. The irruption of 
the Goths, and other northern nations upon the 
Roman empire, drove Botany, with the other sci- 

* rifpi de Materia Medica, lib* vi* Vox 

Kollar. Vienna^ 1770. 

f Pliny was a native of Verona : he fell the victim of his 
scientific ardour^^in endeavouring to approach the crater of Ve- 
EuviuS) during an eruptiooi in the 56th year of his age. 
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dices then known in Europe, for refuge into Asia. 
There, however, it obtained merely an asylum ; 
few or no discoveries were made ; and the works 
of Galen, Oribasius, vEtius, yEgineta, and other 
Asiatic writers, as w'^ell as those of Mesne, Sera- 
pius, Razis, Avicenna, and the other Arabians, con- 
tain little more than the names of the plants de- 
scribed by the primitive authors. 

It is melancholy to look back upon the state 
of Europe dining that period which has been 
justly denominated the dark age. A dismal gloom 
enveloped the whole of the civilized world: ig- 
norance, superstition, and barharism tyrannized 
over learning and genius ; knowledge of any kind 
was to be acquired only by searching among the 
rubbish of the schools and monasteries ; fabulous 
legends supplied the place of truth ; and the de- 
ceptions of a crafty priesthood debased at the 
same time that they enslaved the minds of men. 
During this long and melancholy course of years, 
the few scattered writings that appeared on Na- 
tural History were the production of monks, and 
compiled from old authors : but even these were 
cloaked in an almost unintelligible jargon ; and 
it was not till the middle of the sixteenth centurv, 
that the sun of science again burst this thick 
cloud, and shed its rays upon the north of Europe. 

At this period Botany, which wa§ exactly in 
the S5ime state as the ancients left it, could not be 
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considered any thing more than a catalogue or list 
of the names of about one thousand plants ; for, 
although the ancients wore great observei*s, yet 
they did not make much use of their observations. 
Tliey looked at Nature rather with the eye of the 
poet than of the philosopher; and, in giving the 
reins to imagination, were too powerfully charmed 
with her more striking beauty and sublimity, to 
descend to a calm and patient investigation of the 
causes of the effects which they observed. Thus, 
they knew that the farina of the male Ptalm was 
necessary to fecundate the female; but from this 
fact they drew no inference as to the difference of 
sex in plants : they grafted, but knew not the cause 
of the union of the graft with the stock : they had 
even observed the spontaneous movements of some 
plants, but did not endeavour to discover the 
reasons of the phenomen.'i. Such was the state of 
the science at the revival of learning, when it made 
its first step towards improvement, in the repre- 
sentation of plants by wood cuts * ; and this aid 
to the study of Botany was soon adopted by Brun- 
fels, a physician, at Bern, who may justly be re- 
garded as the restorer of the science in Europe -f*. 

An Italian Flora^ which was printed at Padua^ in 1485> 
» supposed to be the earliest book on Botany that was illus# 
trated by plates. 

f His work is entitled Historla Plantarum. The plates art 
not very accurate ; ^but this is not much to be wondered at^ 
when we reflect that he died in 15S4. 
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To endeavour to display even an accurate sketch 
of the progress of the sciehce, from his time to that 
of Linnaeus, within the compass of a Lecture, would 
be vain ; we shall notice, therefore, a few only of 
the more remarkable occurrences. 

Near the close of the sixteenth century, C^sal- 
piNUS *, a Florentine, one of the professors of the 
University of Padua, made the first attempt at clas- 
sification ; for, previous to his time, plants had been 
described without any order, and the possibility of 
simplifying the study of the science by arranging 
them in classes, had not yet been conceived. JuN- 
Gius followed in the footsteps of Caesalpinus, and by 
taking a clearer and more extensive view of his sub- 
ject, the idea of those pi-inciples on which the 
Linnaean system is founded, suggested itself to him, 
and was developed in his writings : he died in 1657 . 
John Ray -f-, an Englishman, succeeded Jungius, 
whom he followed in many particulars, in preference 
to his cotemporary the great Tournefort, whose 
merits as a systematist were only exceeded by 
those of Linnaeus. Ray was a man of laborious 
research. His work, entitled Ilisforia Plantarum 


* This celebrated naturalist, who was born at Arezzo, in 
1519, threw great light upon the vegetable structure ; and was 
the first of the moderns who hinted,^t the sexes of plants. He 
died in 1603. 

f Ray, whp was a native of Esux, was bom in 1628, and 
died in 1705. * 
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gmeralis (London 1093), contains all the Bota- 
nical learning of his time; and displays, in a 
striking degree, the unwearied assiduity and ex- 
tensive reading of its author. The first time, 
liowever, that Botanists began to 1)C really guided 
by the light of nature in their researches, was soon 
after the establishment of the Royal Society, 
towards the end of t!ic seventeenth century; when 
Dr. Grew, in this country, and Malpighi on the con- 
tinent, began their anatomical investigations. The 
acuteness, juitionce, and ardour of these celebrated 
men, in exuiuiuing the structure of plants, remain 
yet uncrpiallcd, and their works are still standards 
on vegetable anatomy. Towards the end of the 
seventeenth century, Camerarius first proved the 
existence of sex in plants by observation and expe- 
riments; Geoffrf.v, and Vaillant *, a pupil of the 
great ToirHNEFORT-f-, confirmed, and added to his 
observations ; but this important fact had few sup- 
porters till Linnaeus made it the foundation of his 
system. We mentioned before, that Caesalpinus 

♦ V A ILL ANT was born at Vigny ^ in 1669, and died at Paris 
in 1722.-1118 observations are contained in an Essay entitled, 
Sermo de Siructura Florum. Lugd. Batav, 1718. 

f Joseph Pitton de Tournefort was born at Aixy in 
Provence, in 1656. He travelled into Greece and Asia, at the 
expense of Louis XV. ; md published a system of Botanical 
arrangement, founding the classes on the formation of the 
flower, while the orders were ascertained by the fruit. He died, 
in 1748, from an injury to his chest, occasioned by his being 
crushed by a carriage. 
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gave the first liint of this circumstance, but he did 
not pursue the idea ; and the honour of starting 
this important physiological proposition has also 
been given to Sir Thomas Millington, who is said 
to have made the discovery in 1676. lie never 
wrote any thing, however, on the subject ; but 
merely communicated his ideas to Dr. Grew ; and 
the uncertainty of the claim of originality on this 
account, detracts much from the celebrity, which 
such a discovery would have conferred on his 
name. 

The improvements in Botanical science, that 
had at this time gradually taken place, were much 
forwarded by the inventions of printing anti of en- 
graving, which disseminating to a wide extent 
every new discovery, and displaying the figures of 
plants, in a correct and natural manner, attracted 
men of gi-nius in every country to the study of the 
science. The advancement of navigation, and the 
increase of commerce, had also a considerable 
share in producing those beneficial effects: for by 
their means the plants of tlittcrent climates were 
brought together; and the Botanical gardens of Eu- 
rope enriched with the productions of every quarter 
of the globe. It may not be uninteresting to know, 
that the first Botanic garden was established at 
Padua, in 1533; and that it still exists, after the 
lapse of more than two centuries aqd a lialf, amidst 
the changes of revolutions and the overturn of 
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states, which, in that pejiod, have astonished and 
convulsed Europe. At length the correct judg- 
ment, cultivated mind, unwearied assiduity, and 
sublime genius of Linnseus, gave to the whole 
science a new and more attractive aspect. It 
would form a pleasing episode, were it consistent 
with our plan, to enter minutely into the biography 
of this great naturalist*. The display of his tran- 
scendent abilities, like those of many other illus- 
trious men, depended upon accident ; and but for 
the kind offices of a physician of the name of Roth- 
man, those of J annaeus would have been for ever sup- 
pressed, his father having felt so much disappoint- 
ment with his earlier studies, that he conceived he 
was only fit for a tradesman, and destined liim to 
be a shoemaker; but this benevolent physician 
persuaded him to allow his son to study medicine; 
and he himself became his preceptor. The po- 
verty of Linnaeus obliged him to struggle with great 
hardships in his earlier years-j-. His expenses in his 
Lapland tour, which, however, amounted to seven 
j)Ounds ten shillings sterling only, were defrayed 


* LiNN.iiiUs was born at Rashult, a village in the province of 
Snuilandf on the 3d of May, 1707. Ilis father, Nicholas Lin- 
naeus, was pastor of the village ; and his mother, Christina Bro- 
derson, the daughter of his father’s predecessor in the church. 

f When at Upsal he was glad to wear the cast-off clothes 
of his fellow-stude^its ; and his shoes were mended by himself 
with the bark of irces^. 
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by the University of Upsal : and he was obliged to 
the lady who afterwards became his wife, for the 
money which enabled him to grailuate at Leyden*. 
It was not till near the decline of his life, that his 
sovereign conferred on him those honours, which, 
if they could not add to his justly acquired fame, 
were enviable marks of the admiration whicli his 
talents procured for him in his own countiy. In 
1735, two of his earlier publications, the Si/stema 
Nuturce and Fundamenta Botanka, appeai’ed; and 
in 1737 he published five of his works, the Cri- 
ticu Botanka, Genera Plantantm, Hortus CliJ- 
fortianus, Flora Lapponka, and Methodus Sexi4- 
alis; any one of which would have been sufficient 
to have conferi'ed lasting celebrity on its author. 
As his fame extended, he was inviteu by the King of 
Spain to settle in bis dominions, but declined the 
invitation; and M'as amply iudemnified by the 
honours which his own sovereign conferred upon 
him. lie was created a Baronet, and afterwards 
Archiator, or Dean of the College of Physicians ; 
and a Knight of the Polar Star, some time before 
his death, which happened on the 8tb of January, 
1778. His system, the one ndiich is now, with 
some modifications, generally adopted, is founded 
on truth and nature. It has been improved and 

^ Tills lady was Elizaheih Monens, the daughter of a pliy- 
sician at Falilun. Slie presented him with ouf hundred dollars 
the savings oilier pockci-uioncy, to enable him to graduate. 
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occasionally altered sinpe his death, as the ex- 
tension of the science demanded; nor have the 
ignorant and the unqualified refrained from mu- 
tilating it by the most fanciful and useless varia- 
tions : but from under the hands of both sets of 
reformers, the principles, and the groundwork, 
still remain, and are likely to do so, unchanged. 
His system is not, however, the only labour for 
which Linnaeus deserves the applause of posterity : 
he made considerable researches in vegetable phy- 
siology, or the doctrine of the habits and economy 
of plants; and bis endeavours to render Botany 
useful to medicine and to agriculture, are worthy 
of the highest praise. 

It is to 1)6 lamented that biography has, 
hitherto, conveyed to us so few notices regarding 
the method of study pursued by those, whose cha- 
racters as scientific men we respect and venerate; 
and ourjnformation, as to this particular of the 
life of Linnaeus, is, indeed, extremely slender. We 
know little more, tlian that he veiy early began to 
seek nature in the fields, and to form a herbal ; and 
that he read and studied “ to the last glimpse of 
the midnight lamp.” He fortunately, indeed, lived 
at a time when philosophy began to assume its 
most interesting character; when its votary, 
throwing aside the formal robe of pedantry, and 
quitting the maze of hypothesis, laboured to apply 
those principles which his industry, observation, 
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and ingenuity had accumulated, to procure the 
means of supplying the wants and increasing the 
comforts of his fellow-creatures ; and of spreading 
over the paths of ordinary life those intellectual 
embellishments, the enjoyment of which forms the 
most distinguishing feature of difference between 
civilized man and the human savage. Such is cer- 
tainly the ultimate aim of ali science. How use- 
less would have been the discoveries of astronomy, 
had they not been applied to the purposes of navi- 
gation ! How vain would have proved the daring 
experiments of Franklin, in drawing lightning 
from the clouds, to prove its identity with the 
electrical fluid, if they had not pointed out the 
means of securing our dwellings from the effects 
(ff one of the most awful and dangerous of na- 
tural phenomena ? What would have availed the 
labours of a Newton and a l^oyle, a Black and 
a Cavendish, of Linnaeus, Hunter, Volta, and 
Davy, did they not ultimately tend to benefit ge- 
neral society? Without such an object in view 
they would be but ingenious trifles, and a very 
straw in the balance, when weighed against the 
efforts of the meanest artizan. 

Since the days of Linnaeus, therefore. Botany, 
also, has displayed a more impmtant aspect than 
it ever before assumed. The rage of making new 
systems and arrangements of plants has passed 
away, because these are no longer necessary : 

VOL. I. • . c 
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Botanists have arisen, and still live, who, besides 
illnstrating and endeavouring to perfect systematic 
Botany, have Jidvanced, in a great degree, the 
more useful parts of the science, by inquiring into 
the properties of plants, the phenomena of their 
functions and growth, and the effects they produce 
on the great system of nature. In this part of the 
science an extensive field is opened for the exercise 
of human ingenuity, the investigation of which is 
sufficient to employ, usefully, the longest life, and 
the highest powers of the understanding. 

From the neriod of Linnaeus the history of the 
science contains a long list of justly celebrated 
names. Among these we find Haller, an anato- 
mist, physician, botanist, poet, and politician, the 
friend at one time, but afterwards the rival of Lin- 
naeus ; Rumphius, who, although a physician, yet 
was appointed to the situations of chief magistrate 
and president of the mercantile association of Am- 
boyna, the plants of which settlement he has de- 
scribed in his work, entitled. Herbarium Amboi- 
nense; G^der, who began the Flora Danica, the 
publication of which is still continued, under the 
patronage of the Danish government; Schrebkr, 
Professor at Erlangen and President of the Impe- 
i-ial Academy; Jacquin, Bergius; Professor 
Paixas; Reinhold Forster, who sailed with 
Capt. Cook ; Thunberg, the ;iuthor of the Flora 
Japonica, a work of unequalled merit; Jussieu, 
immortalized by his attempt to arrange • plants in 
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a natural order; Sir Jqseph Banks; Millbr; 
Hedwig; Drvander; Gartner; Sir J. £. Smith, 
President of the Linnaean Society; Willdenow; 
Professor Vahl; Humboldt, the South Ameri- 
can traveller; Roxburgh; and many others, whose 
names are well known and not undeservedly cele- 
brated. 

Having finished the rapid sketch of the rise 
and progress of the science, which I proposed to 
exhibit to you, let us now pass on to the consider- 
ation of its utility as a branch of general know- 
ledge. In reflecting upon this part of our subject. 
Medicine first presents itself to our attention, as 
deriving the greatest assistance from it. With the 
healing art, as we have already noticed. Botany 
originated ; and, until the period of the renowned 
empiric Paracelsus, who introduced the use of 
chemical remedies, almost the whole resources of 
medicine were drawn from the vegetable kingdom. 
Although it can scarcely be denied that the use of 
mineral remedies has been, upon the whole, fa- 
vourable to the advancement of the profession, by 
putting into the hands of its practitionere very 
powerful agents for altering and controlling, as it 
were, the powers of the animal system ; yet it may 
be doubted whether mankind have not suffered, in 
some degree, by the change, inasipuch as the at- 
tention of the medical philosopher has been di- 
• . c 2 
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verted almost altogether ,from the vegetable king* 
dom. Much certainly remains undiscovered of 
the virtues of plants in effecting the cure of dis- 
eases, and many excellent and very powerful salu- 
tary agents belong to that kingdom of nature. 

As civilized men are not stationary beings, but 
are led by the thirst of gain, ambition, curiosity, 
or enterprise, to visit every part of the habitable 
surface of the globe, it is requisite that medical 
practitioners should be able to generalize, and, 
in searching for remedies to remove the morbid 
effects of changes of climate and other contin- 
gencies on the constitution, to know how to 
substitute the materials within their reach for 
those they have been accustomed to employ, but 
which they cannot in every situation obtain. The 
question may be reasonably asked. How is Botany 
to teach this knowledge? Let us examine how 
fer we can satisfactorily answer it. Do we, in the 
first place, wish to ascertain which plants are poi- 
sonous or salutary? Botany teaches us that all 
those arranged in the family denominated Cruci~ 
feroe, in that of the Rosaceoc, and in those of the 
Malvaceae, Labiatoe, and almost all the Cerealia, 
contain no poisonous species ; that the Mushroom 
tribe, the Solaneae, the Apocyneae, the Tithymalae, 
the Ranunculacece, and the Papaverae, are almost 
all suspicious: ^and that the Umbellif'erce, the Ari, 
the Polygonoe, contain acrid and several deleterious 
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species. It also informs us, that some plants are 
acrid and poisonous when growing in water, which 
appears to be their natural element, although they 
are inert when they vegetate on diy land; and 
that some inert land plants become acrid when 
they accidentally spring up in water or in mai'shy 
places. Do we wish to discover the probable me- 
dicinal properties of the plants in any new situa- 
tion, before we venture to try their effects upon 
the animal frame ? — ^Botany informs us how to do 
so, by arranging the plants with which we are un- 
acquainted, into their natural families. Thus we 
know that the Solanece are narcotic; the Gentiance 
yield a bitter, 'and sometimes a purgative principle; 
the Laurel tribe a stimulant, which is in some in- 
stances highly deleterious; the Corymbiferce are 
emmenagogue; the Rubiacece, to which Cinchona 
belongs, diuretic and tonic; the Cruciferce antiscor- 
butic ; and the Malvaceae emollient. A medical Bo- 
tanist, believing that a certain plant yields a pecu- 
liar medicinal principle, is led to examine whether 
the species of the same genus which are indigenous 
to the clime that he inhabits may not contain some- 
thing similar, if not exactly the same ; and thence 
discoveries valuable to his countiy, and sometimes 
to the human race, are effected. But this import- 
ant method of generalizing can be practised only 
by the Botanist; for, to one ignorant of Botany, 
not only is the language foreign and unintelligible; 



Iht UTILITY OF THB [lBCT. I. 

but the resemblances \^hich characterize the va- 
rious members of the same femily, and which are 
perfectly obvious and striking to the Botanist, are 
overlooked and cannot be perceived by an ordinary 
observer. The advantages of a knowledge of Bo- 
tany, also, and of the habits of plants, to the phy- 
sician, are equally evident in the assistance they 
afford in the cultivation of a branch of the profes- 
sion, which has lately been much and properly at- 
tended to ; I refer to medical topography ; a subject 
important to all, but absolutely requisite to the 
military medical practitioner. SupjMJsc, for ex- 
ample, that an army is about to encamp in an 
enemy’s countiy, and in a situation where circum- 
stances may require that it should remain for a 
considerable time. The season of the year, and 
the kind of weather prevailing at the moment, 
may render it difficult for the medical staff to pro- 
nounce whether the place be healthy or otherwise; 
and the information afforded by experience is too 
late to prevent the impending evil, should it prove 
unhealthy. But the very plants which cover the 
soil clothe with a prophetic character the Botanical 
physician, and enable him to anticipate the danger 
which it is requisite to avoid. Yet how little has 
this branch of study been attended to in the edu- 
cation of professional men ; who, before they pre- 
sume to commence the perfoimance of the duties 
expected of them, ought at least to be acquainted 
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with the nature and qualities of the implements 
they are about to employ in the cure of diseases. 

A remark made to me by an old and respect- 
able physician, the late Dr. Denman, explains in 
some degree the cause of this neglect: “ I be- 
lieve,” said he, “ that the practitioners of the 
“ present period are sensible of the inadequacy 
“ of the old method of bringing up young men 
“ to the profession, and are therefore anxious to 
“ send out those brought up under them better 
“ instructed, and with a firmer foundation of prin- 
“ ciples than was the case forty years ago : but 
“ the ardour of youth to take an early, active 
“ shai’e in the bustle of life, places many obstacles 
in the way of accomplishing their good inten- 
“ tions.” The justness of the observation is too 
obvious ; and as medical men, after they have 
once entered upon the busy stage of life, cannot 
well retrace their steps, happy would it be for stu- 
dents were they to take advantage of the expe- 
rience of their predecessors, all of whom, I will 
venture to assert, believe that much anxiety, 
much trouble, would have been saved to them- 
selves, and much more pleasure and reputation 
gained in the exercise of their profession, had a 
few more years been spent in their education, and a 
few more collateral studies been attended to during 
that period. The practice of medicine is the study 
of a lifetime ; it is entered upon the moment a man 

c 4 
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begins to prescribe, and it must be unremittingly 
continued*; but little *satisfaction can be derived 
from it, if the mind be not previously well stored 
with principles, and enlightened by a liberal edu- 
cation. By the force of natural genius and a 
good address, an ignorant physician may float for 
a while in honour’s atmosphere ; if fortunate, he 
may even be I'espected, and may attain wealth and 
reputation ; but, when an unexpected difficulty oc- 
curs, his deficiencies appear, the bubble bursts, his 
reputation is dissipated, and he sinks neglected 
and despised. The properly educated physician, 
on the contrary, may rise slowly at fii*st ; but, like 
the sun, his strength increases as he rises ; and, 
although be must naturally decline with gathering 
yeare, yet, when he sets, it is with equal dignity, 
only with a milder lustre. And surely, to use the 
language of a celebrated moralist, “ to desire the 
“ esteem of others for the sake of its effects, is not 
only allowable, but in many cases our duty ; 
** and to be totally indifferent to praise or censure 
“ is so far from being a virtue, that it is a real 
“ defect in character ■f-.” Botany is one of those 
collateral sciences, which is not only useful, but 

* The following words of Linnasus, contained in a letter to 
Halleri should be impressed on the mind of every student: 
Disco adhuc ; ignoscas quod doctus, etiamnum non eva. 
serim/’ , 

f Dr. Blair, Sermon VI. vol. ii. 
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adds grace to the medical character. Did I wish 
to select examples in support of this remark, I 
need only point to the works of Prosper AipinuSf 
Sir Hans Sloane, Malpighi^ Haller^ Alston, Lewis, 
and of our own contemporary, the indefatigable 
Orfila. A practitioner, indeed, unacquainted with 
Botany, may know the names of many plants and 
their uses ; he may even gain a knowledge of the 
physiognomy of a few of them ; but his ideas are 
obscure and confused; his ignorance may often be 
rendered conspicuous where he would most desire 
to conceal it ; and it lays him open to the arts of 
the designing, and of those who would wish to ex- 
pose him. Of the advantages which the profession 
has derived from the labours of Botanists, I need 
mention a very few only of many examples that 
might be adduced : the reintroduction of the Fox- 
glove by Dr. Withering, as a remedy for dropsies, 
and the recent extension to this country of the 
Pyrola umbellata, and the Gum Acaroides. As 
many of the medicinal plants appear as common 
weeds, a medical man ought to be able to distin- 
guish these when required ; and, in the case of ve- 
getable poisons, nothing will sink him more in the 
opinion of others, than his appearing ignorant of 
the plant which has occasioned the mischief; 
while nothing will raise him more in their esteem 
than his being able to point out its distinguishing 
characteristics, by which it may be known and 



26 UTILITY OP THE [lECT. I. 

avoided in future. But a more important consider- 
ation still; to a reflecting mind, is, that by the 
d^ree of acquaintance which a practitioner has 
with plants that are poisonous to the animal eco- 
nomy, the life of a fellow-creature may be lost or 
saved. All poisonous plants do not produce the 
same effects, and these, consequently, require dif- 
ferent modes of treatment ; but if the plant which 
has caused the mischief cannot be ascei'tained, 
how is the remedy to be selected r 

The utility of Botany to many of the other, arts 
is not less obvious ; and wc are indebted to it for 
a variety of our comforts, both as to food and the 
luxuries of life. The grains so indispensable for 
our existence, the greater number of the fruits, 
and the most beautiful flowers, that enrich our 
orchards and ornament our gardens, are of foreign 
origin ; and many of them have been brought to 
us by Botanists whose inquiries had led them to 
visit remote countries. The Horse Chestnut, for 
example, now so common in our plantations, was 
conveyed to Europe from the north of Asia, by 
Clusius, a Botanist, in the year 1560. The Kidney 
Bean, Phaseolus vulgaris, was brought from the 
East Indies : and the Nol-kol, the root of which 
affords a large supply of wholesome nutriment, 
has just been introduced from the same place. 
The Crown Imperial, Fritillaria imperialis, was 
transported from Constantinople ; tlie Camellia^ 
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from Japan ; many of the Rose:; from China ; the 
Nasturtium from South America ; and the Pelar- 
gonium, OT Geranium, as it is improperly called, 
from the coast of CafFreria. The Potatoe, the 
chief support of a great majority of our poor, was 
first described by Caspar Bauhin in 1590 ; and 
afterwards brought into this country, whence it 
was dispersed over Europe *. In our own times 
we have seen the West Indies enriched with the 
Bread-fruit by the scientific skill of Sir Joseph 
Banks ; and every day new plants are brought 
home and naturalized to our climate, of great im- 
portance both in an economical and political point 
of view ■f'- Even the arts may be benefited by a 
knowledge of Botany. Thus, many fine statues 
might have been preserved, had the fact been sooner 


* It is very generally believed that this useful vegetable 
was brought from Virginia by Sir Walter Raleigh ; and Willde- 
now states that, in the year 1623, he distributed the first 
which he brought from Virginia in Ireland/^ Doctor Smith 
Barton has pointed out the errors of this statement : in the first 
place, Sir Walter never was in Virginia ; secondly, he was not 
living in 1623; having lost his head in October 1618; and, 
thirdly, it is by no means certain that the first exclusive depot 
of the Potatoe was Ireland. 

t The number of plants now known and systematically ar- 
ranged amounts to •14', 000; although those known by the 
Greeks, Romans, atul Arabians, did not exceed 1400; and in 
Caspar Bauhin*s time, all that indefatigable Botanist could col- 
lect for his Pinax Theatri Botanicif a worl? of forty years’ la- 
bour, did not exceed six thousand species. 
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known, that the black spots which appear npon 
them is a vegetable fungus, the Lichen niger of 
Linnaeus. The dry rot in wood, also, is a fungus. 

It is related that Mahomet Bey, King of Tunis, 
was dethroned by his subjects for having the repu- 
tation of possessing the philosopher’s stone. He 
was restored by the Dey of Algiers, upon promising 
to communicate to him the secret. Mahomet 
sent a plough, with great pomp and ceremony, in- 
timating that agriculture is the strength of a na- 
tion, and that the only philosopher’s stone is a 
good crop, which may be easily converted into 
gold. I mention this anecdote, because it conveys 
an impressive idea of the importance of Agricul- 
ture ; between which and Botany the connexion is 
so natural, and the advantages to be derived by 
the farmer from a knowledge of it so apparent, 
that the neglect of it as an essential part of his 
education is, indeed, wonderful. But so blind are 
men, often, to their true interests, that agriculture 
in this country has, till within a few years past, 
been regarded as an employment fit only for the 
most uninformed part of society. Following stu- 
pidly in the footsteps of his predecessors, and 
guided by a few rules, which had been handed 
down to him from the rudest ages, the agriculturist 
waji Jllitorant that a knowledge of the theory of 
l^^rations was necessary for enabling him to 
dtsercomc unexpected obstacles ; to guard against 
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the uncertmnty of season^; and to multiply the 
means of supplying the wants of the community 
and enriching himself. These mistaken notions 
are now happily vanishing ; and the utility of Che- 
mistry and Botany is beginning to be felt and ac- 
knowledged by the farmer. From the more ge- 
neral study of the economy of vegetable life, how 
many improvements might be suggested in the cul- 
tivation of even the most common of our useful 
plants ! How many of those which are still re- 
garded as useless weeds, might be found to be of 
great importance if their propeities were accu- 
rately investigated! And certainly the nature of 
soils would be better and more easily known by an 
acquaintance with the different kinds of plants 
which each variety of surface produces. 

But, besides these objects of utility, to the ad- 
vancement of which Botany unquestionably con- 
tributes, it is likely to render a still greater service 
to social life, by the cultivation of that branch of 
it which assigns to each tnbe of plants its altitude, 
its limits, and its climate ; and which the French 
designate by the termGeographie Botanique, By its 
aid nature may be in some degree subdued by art, 
the mountains of Europe may be giit by the Cin- 
chona, the vine may cluster upon our rocks, and 
the high Palmetto and Coco wave on the sun- 
ward sides of our native vales. , 

These examples are sufficient to show the uti- 
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lity of Botany in advancing many of the more im- 
portant arts; and the study of it is no less bene- 
ficial as a branch of general education. If the 
intellectual enjoyments of a well-informed mind 
be a valuable possession, whatever can augment 
these musk be considered as of great importance. 
Many branches of knowledge have this effect; and, 
although they cannot be considered as directly 
advancing our interests or fortune in our inter- 
couree with mankind, yet the possession of them 
affords a more permanent satisfaction than either 
wealth or honour can bestow*. Botany is one of 

. * If we apply these observations to the fair sex, we shall 
perhaps immediately hear of the danger of producing literary 
women, of having wives that would leave the management of 
their houses to pore over the page of the philosopher, and be 
solving a mathematical problem instead of making a custard. 
We shall be told that learned women are insupportable, and 
use their acquirements as tyrants do their authority, making 
them weapons of oppression rather than the instruments of 
happiness. But a female pedant and a woman with a well-in- 
formed mind and liberal education are two different beings; 
and I would answer remarks such as these in the words of 
one of the sexf, which 1 think are completely convincing. 
‘‘ The fragile nature of female friendships,” says she, and 
the petty jealousies that break out at the ball-room, have 
been, from time immemorial, the jest of mankind. Trifles 
light as air will necessarily excite, not only the jealousy, but 
“ the envy of those who think only of trifles. Give them 
more employment for tlieir thoughts ; give them a nobler 


f Mrs. Barbauld. 
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these; and the pleasure to be derived from the 
knowledge of it is not confined to any period of 
life, or any rank in society. In youth, when the 
affections are warm and the imagination is vivid ; 
in more advanced life, when sober judgment as- 
sumes the reins ; in the sunshine of fortune and 
the obscurity of poverty ; it can be equally en- 
joyed. The opening buds of spring, the warm 
luxuriant blossoms of full-blown summer, the yel- 
low bower of autumn, and the leafless, desolate 
groves of winter, equally afford a supply of men- 
tal amusement and gratification to the Botanist. 

I have thought it necessary to state these ex- 
amples of the usefulness of Botany and the plea- 
sures to be derived from the study of it, in order 
to satisfy the demands of those who consider that 
nothing ought to he attended to which does not 
present some immediate object of profit or of uti- 

spirit of emulation ; and wc shall hear no more of these paltry 
feuds : give them more useful and more interesting subjects 
of conversation, and they become not only more agreeable, 
** but safer companions for each other,” I would add, that 
men who exclaim against learned women, often allow the sex 
an excessive and unrestrained pursuit of pleasure ; and think 
so meanly of their powers of mind, as to believe them fit only 
to be amused with the fictions of romance. But, if pleasure be 
essential for the happiness of woman, it can be obtained from 
the pursuit of science, that knowledge which is founded on 
truth and utility, provided an early taste for k be implanted in 
the mind. 
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lity. What is the use o£ Botany? What can you 
gain by it? are constant questions. We have al- 
ready stated odr opinion as to what may be gained 
by it ; but I would fuither answer such inquirers 
by an anecdote told of the Greek philosopher He- 
raclitus. This philosopher was vei*y poor, but 
much respected, and visited by individuals of the 
highest rank. One day, when certain persons 
came to consult liim, they found him paring tur* 
nips for his supper, and warming himself in a 
kitchen: the meanness of the place occasioned 
them to stop ; upon which the philosopher thus 
accosted them: “ Enter,” said he, “ boldly, for 
** here, too, there are gods.” 

We have now to consider what mode of prose- 
cuting the study of the science upon which we are 
about to enter is likely to be productive of the 
greatest benefit. 

Botany, as we before observed, is that science 
which teaches the knowledge of vegetables, their 
structure, habits, and properties; and to distin- 
guish different plants from each other ; or, it com- 
prehends Phytology and Systematic Botany*. 

* Vegetable physiology, indeed, cannot be separated froa 
^stematic Botany ; for, to use the words of a French writer, 
M. Aobert du Petit-Thouars, it is essentially the basis upon 
which that science is raised ; and the more this basis shall be 
“ known, the more Botany, already so attractive in berselfii 
will see the number of her disciples increase.” 
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Vegetables, like animals, are organized living 
bodies. To the superficial observer there appears 
no difficulty in distinguishing them from animals 
and fossils ; but those who have examined the sub- 
ject more minutely, find many obstacles to prevent 
them from drawing the exact line of distinction be- 
tween the three kingdotns of Nature. Still, how- 
ever, vegetables possess peculiarities of structure, 
habit, and functions, which characterize them; 
and these are found in every plant. As plants 
are' living beings, so are they also perishable: 
death, as is the case in animals, may either proceed 
from innate causes, depending upon their organiza- 
tion, or be produced by external causes. It is ob- 
vious to our senses, that vegetables derive nourish- 
ment from the soil in which they are fixed, and in 
which they grow, and perfect seed capable of repro- 
ducing the species. The researches of philosophy 
have further informed us, that they possess irritabi- 
lity, by which the nutriment they imbibe is progres- 
sively moved through every part of their bodies, con- 
verted into various secretions, and assimilated into 
the substance itself of the plant ; and that, like 
animals, they produce certain changes on the at- 
mosphere, and can accommodate themselves .to 
the vicissitudes of heat and cold. In the func- 
tions of generation, also, plants have many of the 
peculiarities of the most perfect anhnals. In stat- 
ing, however, the close analogy between plants 

VOL. I, • J> 
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and animals, we must always bear in memory that 
they have one important function less than ani- 
mals— sensibility *. The losing sight of these cir- 
cumstances, particularly the former, led the inge- 
nious Darwin into a labyrinth of error; and has 
exposed his memory to the sarcasm of malevolent 
wit and the derision of ignorance. Tliat part of 
our subject therefore, which refers to the economy 
of the vegetable system, siiould first engage the 
attention of the student. It constitutes Phyto- 
logy, and comprehends the Anatomy and Physio- 
logy of plants; and is the most amusing, and cer- 
tainly not the least instructive part of the science. 
The anatomy of plants is more difficult than that 
of animals, from the minuteness of their parts, the 
Union of them, and the extreme difficulty of se- 
parating them without destroying their texture. 
If, however, it be more difficult, it is less disgust- 
ing, and the microscope very much facilitates our 
inquiries. Without it we can have no idea of the 
Structure of plants, and consequently no correct 
notions of their functions can be obtained. In 
studying the Anatomy the Terminology is acquir- 
ed, an acquaintance with which is absolutely ne- 
cessary for securing a knowledge of systematic 
arrangement. By combining with these the study 

» « Vegetabilic, sensatione licet destituantur, sque tamen ac 
“ aninoalia vivere probat ortus, nulritio, cetas, motus, propulsio^ 
** (w artl M . mors, anatomia, organismus.*’ — Philos. Botanica, j 133. 

' 2 
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of the Physiology, on whicli modern Chemistry has 
thrown the most brilliant light, the tediousness of 
acquiring the terms of art is diminished, and 
much interest ekcited in the pursuit. It is neces- 
sary to state that Botanical Terminology is that 
part of the science which has been less improved 
than any other, since the time of Linneeus. Some 
reform, similar to that which chemical nomencla- 
ture has undergone, is wanting, to remove the 
rubbish with which it is encumbered ; for, although 
arbitrary terms are less objectionable in Botany, 
yet the terms employed should be clearly defined, 
and comprehensive. I would recommend, on this 
part of the subject, the perusal of Sir J. E. Smith’s 
Introduction to Physiological and Systematic Bo- 
tany ; Rousseau’s Letters on the Elements of Bo- 
tany ; Mr. Curtis’ Lectures j Willdenow’s Prin- 
ciples of Botany, which have been well translated ; 
and, to those who read and understand French, 
the Trait6 d’Anatomie et de Physiologie V4g6tales, 
of Mirbel ; but, above all, the Philosophia Bota- 
nica of Linnaeus. Those who wish to investigate 
the subject more closely, will find gi*eat satisfoc- 
tion in looking into the works of Grew and Mal- 
pighi; Du Hamel, Hedwig, De Saussure, Gaertner, 
and Spallanzani; and Mr. Keith’s System of Physi- 
ological Botany. But I will forbear, at present, 
from loading your menmries with’the names of 
authors, apd rather notice them as we proceed, 

D ii 
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when the various subjects which each has particu- 
larly treated of come to be noticed. 

By making onrselves acquainted with the 
stracture and functions of vegetables, we are pre- 
pared to examine them as parts of a system ; and 
thereby become acquainted, as it were, with each 
individual of this extensive kingdom of Nature. 

The astonishing diversity of form and colour 
with which Nature has clothed the members of the 
vegetable kingdom, required that some mode 
should be devised for distinguishing the different 
kinds of plants. What is termed the natural me- 
thod seems, at first sight, the most easy, and the 
best ; and certainly, if it could be rendered per- 
fect, it would undoubtedly be so ; for, in many of 
the families of plants, such as the Grasses, Ferns, 
Lilies, Roses, Sec. there is such a natural affinity 
between the different species of each class, and so 
marked a distinction of the classes, as not to be 
mistaken ; but this is not the case throughout tjie 
vegetable kingdom ; and, even in some of those 
natural classes which I have named, species are 
found which render it exceedingly difficult to 
know in which natural class they should be placed. 
Many Botanists, however, have endeavoured to 
produce systems of arrangement, according to 
these natural affinities; but hitherto they have not 
succeeded, riot even excepting Jussieu, whose 
very learned and valuable work is far from an- 
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swering the purposes for which it was intended. 
Indeed, on examining the whole vegetable king- 
dom, the attempt to divide it into natural orders 
and families offers difficulties which, in our pre- 
sent state of knowledge, appear insurmountable. 
The artificial method of classification was there- 
fore thought of; and that of Linnaeus is the best 
and most perfect that has yet been contrived. 
1 will not now even hint at the construction of 
this system; but merely observe, that, although 
it is an artificial system, yet that it is founded 
on the most correct observation of tbe pheno- 
mena of the vegetable kingdom ; and plants are 
arranged by it under Genera and Species, as the 
individuals discover in the essential parts of the 
flower common properties and a natural affinity. 
This the young Botanist must study with the 
greatest care. Without a knowledge of it no 
one can be accounted a Botanist; and, by means 
of an acquaintance with it, the memory becomes 
capable of retaining a recollection of tbe charac- 
teristic features of all the plants, which already so 
greatly swell the vegetable catalogue; and the 
number of which is every day increasing. This, 
however, cannot be attained from the perusal of 
books ; an appeal must be made to Nature, and 
plants examined in their growing state. In order 
to do this in a proper manner, as fjr as the plants 
of our own country are concerned, the Botanical 
, D 3 
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student must range the fields, and find the objects 
of his researches in their most perfect states, and 
in those places where the hand of Nature has 
planted them. For exotics he must have recourse 
to the Botanic Garden; and, although he cannot 
expect to procure the specimens in a state of per- 
fection, yet he will obtain more information from 
examining them, such as they are, than can be ac- 
quired from the perusal of the best descriptions 
assisted by the best plates. 

Such is the outline of tlie plan of study I 
would recommend ; and which I shall endeavour 
to fill up by this course of Lectures. But I must 
observe, that no lectures can convey a complete 
knowledge of any Science. They are intended 
merely to assist the student in his inquiries, and, 
like a pioneer, to open a path, the intricacies of 
which must be afterwards prosecuted by himself. 
He must endeavour to woo Nature in her most 
secret recesses ; but he may rest assured that she 
is not to be won without constant assiduity and 
attention; that she is a veiy coy mistress, and 
will not bestow her favours upon the indolent and 
the indifferent; while, on the contrary, on the at- 
tentive and the industrious, she lavishes her 
choicest treasures with an unlimited liberality, 

* The best systematic works are, the Genera Plantarum of 
Linnaeus; Persoon’s Synopsis Plantarum ; Witliering’s Botany ; 
Smith’s Flora Britannica; and Willdenow’s edition of the 
Secies Plantarum. ^ - 
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I LECTURE II. 

DEFINITION OF A PDANT— GENE RAD VIEW OP THE 
VEGETABDE FUNCTIONS. 

The division of all natural objects into three 
great classes is so simple and apparently so con- 
sistent with nature, that it must have originated 
at a very early period of society ; and the more 
attentive observations of Philosophers, for a series 
of ages, although they have found unexpected diffir 
culties in fixing the exact limit of these divisions, 
yet, have discovered nothing to prevent altogethei* 
their adoption. Philosophers, therefore, almost by 
common consent, have classed all natural produc- 
tions according as they appear to belong to the 
animal, the vegetable, and the mineral or fossil 
Kingdoms. 

There is no difficulty in distinguishing a mi- 
neral from a vegetable; for, although some Lichens, 
appear to the eye more like parts of the rock or 
the stone to which they are attached than distinet 
organized living bodies, yet, in nothing, except in 
the want of sensation, do the members of the ve- 
getable and the fossil kingdoms agree. 

To distinguish a vegetable fronr an animal does 
D 4 
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not appear, at first sight, to be less easy. But he 
who investigates the sbbject more closely finds 
unlooked-for obstacles, arising from the unbroken 
chain of connexion which seems to unite these 
two classes of beings ; and is forced to acknow- 
ledge the impossibility of fixing upon that link of 
it, which marks the termination of the animal, 
and the commencement of the vegetable state of 
existence. That a perfect animal can be easily 
distinguished from the more perfect productions of 
the vegetable creation is undoubtedly true ; as no 
one could hesitate, for an instant, in which of the 
kingdoms of Nature to place a dog or a rose ; but 
the difficulty arises when the strikingly character- 
istic functions of each kind of life are, as it were, 
confounded. Thus, not many years since, natu- 
ralists were undetermined whether to consider 
corals and corallines, polypi, and other zoophytes, 
as vegetable or animal beings. The difficulty of 
fixing upon the proper limits of these two king- 
doms of Nature, and the circumstance of the 
members of both being living organized bodies, 
and thus differing decidedly from fossils, have in- 
duced the moderns to propose the division of na- 
tural objects into two classes only, inorganic and 
organic: the first comprehending all those bodies 
which submit to the general laws of chemical 
attraction and affinity and of mechanics ; and 
which do not possess life, as, gases, fluids, earths. 
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saltSj and metals; the second comprehending liv- 
ing beings, as animals and vegetables. The latter 
is the object of our inquiries ; and, as it is of some 
importance to mark the point of distinction be- 
tween animals and vegetables, we shall first exa- 

f* 

mine the truth of those definitions of a plant which 
have been at diflferent times delivered by Botanical 
Philosophers; and adopt that one which, in our 
opinion, is the least likely to mislead. 

The first that we shall notice is that of Jun- 
gius, a Botanist who, as has been already stated 
(Lecture 1.), lived about the middle of the seven- 
teenth century, and who first hinted the principles 
on which the Linnsean classification is founded : 
“ A plant,” says he, “ is a living but not a sentient 
“ body, affixed to a certain spot or seat, whence it 
“ can draw nourishment, grow, and finally propa- 
“ gate its species In this definition the want of 
sensation and of locomotion, or the power of 
changing place, are considered as the chief distin- 
guishing characteristics of a plant ; but we shall 
afterwards show that this definition is not to be 
adopted, inasmuch as some animals, if a sensorium 
commune, or a nervous system, is to be regarded 
as the medium of sensation, possess no sensibility ; 
and some are immoveably fixed to one spot. 

* “ Planta est corpus vivens non sentiens, seu certo loco 
“ aut certac sedi affixum, unde nutriii, augtri, denique se pro- 
** pagare potest.’’—- Isetgogi c. 1. 
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Keeping the same idea in view, Boerhaave, who 
flourished at the beginning of the following cen- 
tury, defines a plant thus: “ A plant is an organic 
“ body, fixed to some other body by some part of 
itself, by which it imbibes the matter of nourish- 
“ ment, of growth, and of life The same opi- 
nion was also entertained by Ludwig, a cotempo- 
rary of the great Linnaeus, who says, “ Natural bo- 
" dies, having always the same form, and endowed 
“ with locomotion, are called animals ; those 
which have always the same form but are desti- 
tute of locomotion, vegetables'!'.” In all of 
these definitions the want of a locomotive power 
is chiefly insisted on as being the most peculiar 
distinguishing characteristic betwixt a vegetable 
and an animal: but, although we may allow that 
plants are destitute of locomotion, yet there are 
several genera of the molusca and testacese, co- 
rals, corallines, and some of the zoophyta, which 
incontestably belong to the animal kingdom, that 
are immoveably fixed to a single spot ; either to the 
bottom of the sea, or to rocks, or to slieils. The 


* “ Planta eat corpui organioum, alteri cuidam corpori 
« cohsrens per aliquam partem sui, per quam nutrinienti et 
“ increment! et vitas materiam capit et trahit .’’ — Histona 
Plant. S. 

f “ Corpora naturalia eadem semper forma et loco-motivi. 
tate prssdita appellantur animalia ; eadem semper forma, sed 
ioco-motivitatc destituta, vegetabilia.” — Ludwig, Veget. 3, 
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want of locomotion, therefore, cannot, with pro- 
priety, be regarded in a definition as a distinguish- 
ing characteristic of vegetables, 

I have already stated that Jungius mentions the 
want of sensation as distinguishing plants ; an opi- 
nion which Linnaeus also held ; “ Lapides crescunt ” 
says he, “ vegetabilia crescunt et vivunt, animalia 
crescunt, vivunt, et sentiunt*.” “ Stones grow, 
” vegetables grow and live, animals grow and live 
and feel.” Although this opinion has been dis- 
puted by several philosophers, and Sir J.E. Smith, 
in his Introduction to physiological and systema- 
tical Botany, puts the idea of vegetables being 
sentient beings as an admissible supposition, yet 
there is more reason for thinking that they are not 
endowed with this principle, which seems to be the 
peculiar attribute of animal life. We can scarcely 
form any idea of an animal devoid of sensation ; 
but the spontaneous movements which are ob- 
served in some plants, and on which tlie opinion 
of their sentient power is founded, may, perhaps, 
be accounted for; independent of sensation, Sir 
J. E. Smith, in support of his opinion, says, “ Such 
a supposition accords with all the best ideas we 
can form of the divine Creator 5 nor could the 
consequent uneasiness,” adds he, “ which plants 
must suffer, no doubt in a very low degree like- 


* Phil. Pol. 5 . 
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“ wise, from the depredations of animals, bear 
“ any comparison with their enjoyment on the 
“ whole." Before perusing this passage of Sir J. E. 
Smith’s work, we thought this fanciful idea had 
sunk into the grave with Dr. Darwin; and we 
must acknowledge that our inflexible imaginations 
have never yet been able so far to overcome the 
suggestions of cooler judgment, as to lead us to 
suppose that the general sum of enjoyment would 
be increased by such a circumstance. It must, 
however, be allowed, that the spontaneous move- 
ments of some plants which we shall hereafter no- 
tice, appear at first sight to be the effect not of 
sensation only, but even of volition; and, although 
the possession of that faculty by vegetables cannot 
be proved, yet neither can it be completely dis- 
proved. The experiments of M. Humboldt with 
the galvanic pile upon those plants which are par- 
ticularly irritable and are generally regarded as 
possessing sensibility, tend, pcrlmps more strongly 
than any observations that have been made on the 
spontaneous movements of plants, to settle this 
question. He did not succeed in rendering any of 
them susceptible of the galvanic influence. Until, 
therefore, further observations be made, tending 
to confirm the opinion that vegetables are endowed 
with sensation, or to disprove it completely, the 
definition whi/jh mentions the want of it, as the 
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distinguishing characteristic of plants, cannot be 
regarded as correct. 

M. Mirbel, in a late work, entitled, Traitd 
tTAnatomie et de Pht/siologte V ^gdtales, has given 
an opinion, which Sir J. E. Smith considers as con- 
clusive on this subject. He observes, “ that plants 
“ have the power of deriving nourishment from in- 
“ organic matter, which is not the case with ani- 
“ mals, who feed on animals and vegetables, and 
sometimes on both ; but are never nourished on 
“ earths, salts, and aire. So that it should seem 
“ to be the office of vegetable life alone to trans- 
“ form dead matter into organized living bodies* ** .” 
This remark is, certainly, exceedingly ingenious 
and plausible; but it contains an assumption 
which cannot be admitted to the extent required ; 
for, if by inorganic matter is to be understood 
simple earths and salts, which do not form parts 
of decaying organized bodies, the observation is 
not just ; nor can we allow that airs are taken in 
as food by plants. What soil can be found com- 

* “ C’est la faculte qu’ont les plantes de se nourrir de sub- 
stances inorganiques, faculte qui ne paroit pas exister dans 

** les animaux : ils devorent dcs substances anirnales ou vego- 
tales, et quelquefois les unes et les autres ; mais jamais, ce 
" me semble, ils ne se nourissent de terres, de sels, d air et de 
“ gaz. Ainsi, les v6g6taux doivent, pour condition premiere 
de leur existence, transformer la matiere brute en matiere 
“ organi86e et vivante.” — Tome i. p. 19, 

•4 
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posed of simple earths devoid of animal and vege- 
table matter in which plants will grow? And it 
is well knowfl that the presence of a large quan- 
tity of salts, even of those kinds which, in small 
quantities, promote vegetation, is more likely to 
kill plants than to serve as nourishment to them. 
A plant, it is true, may be reared in pure water, 
or in pure powdered flints moistened with water ; 
but in this case the water is the support of the 
vegetable ; and we know that many animals, the 
Infusoria, for instance, are nourished and support- 
ed apparently in water alone. As this fluid is the 
universal solvent, whatever it contains in solution 
may be taken up by the vegetable vessels ; and 
the experiments of Sir Humphrey Davy have 
proved that even distilled water may contain both 
saline and metallic impregnations : hence we can 
conceive from what source the alkalies, salts, me- 

ii 

taliic oxides, and earths, even silex, which are 
found in vegetables, have been derived; but that 
these are directly taken in as nourishment by 
plants is not more likely, than that lime, which 
forms so large a portion of the animal structure, 
is, in its uncombined state, the food of animals *. 

* It is rather surprising that Sir Humphrey Davy, in hig 
late work on the Principles of Agriculture, adopts implicitly 
the opinion of Mjrbel, that saline substances form part of the 
real food of plants ; particularly as he adds, ** and supply that 

<< kind of matter which is analogous to bone in animals*’" Now 
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Salts serve to stimulate plants, and, by exciting 
the action of their irritable fibres, promote their 
health and growth; part of them are taken up 
along with the soluble vegetable matter contained 
in the soil, and disposed of in the economy of the 
plant, either in the simple state in which they were 
absorbed, or forming new compounds, generally 
neutral salts ; and this is regulated by the peculiar 
nature of the plant, independent of any properties 
of the soil in which it grows. The same effect is 
produced on animals, by the saline matters taken 
into their stomtichs along with their food. Some 
of the lower animals, as earth-worms and other 
speciesof the vermes, feed on vegetable and animal 
matters which have undergone decomposition, and 
returned to that state in which they are generally 
found in soils. Vegetables, therefore, in common 
with tliese animals, although certainly in a more 
striking manner, have the power of recombining 
and assimilating into organized bodies those ma- 
terials which the loss of vitality had allowed to be 
separated by the chemical affinities of their consti- 
tuents, or to be decomposed, but are incapable of 
transforming matter, which has never formed any 
part of organized bodies, into their own living 

we may ask the learned Professor, if phosphate of lime forms 
a direct part of the food of animals, in order that bone be pro- 
duced, 
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organized substance. If these observations be 
just, the remark of M. Mirbel cannot serve as the 
means of distinguishing animals from vegetables ; 
or of forming a correct definition of a plant. 

The most satisfactoiy opinion 1 have met with 
on this subject is that supported by Dr. Alston, 
who was Professor of Botany at Edinburgh about 
fifty years since, and who appears to have received 
the idea from Boerhaave. He makes the distin- 
guishing chai’acteristic of vegetables to consist in 
the want of an internal stomach, animals being 
nourished by their internal, and plants by their 
external surface. It is extremely difficult to find 
any thing like an exception to this opinion ; nor 
do we think that the proofs of it fail with respect 
even to the Polypus, whose construction is so 
simple, that it may be turned inside out like a 
glove, without disturbing its ordinary functions *. 
Polypi seize insects that come near them with 
feelers, which they spread out in the water, and 
convey them by this means to their mouths ; and, 
as their internal cavity may be regarded as one 
entire stomach, the food is passed rapidly through 

^ It may not, perhaps, be unnecessary to observe, that a 
Polypus is an aquatic animal, resembling in form the finger of 
a glove, and, in structure, appearing to be made of particles 
get in a gluey substance. Like those plants which can be slipped, 
a Polypus may be cut into any number of pieces, and each di- 
vided portion become a new Polypus, a distinct, animal. 
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every part of the animal, even to the extremities 
of the feelers, which are also hollow. It is thus 
bruised ; the soluble parts are absorbed, and the 
remainder is thrown out by the mouth, which is 
also the anus of the Polypus. If a Polypus be 
turned inside out, that which was the external 
surface becomes now the stomach, and performs 
the functions of ’t, but still the food is taken 
within tlie animal; it is also taken at intervals 
only, and must remain udthin the animal some 
time to undergo the process of digestion, before any 
part of it can be absorbed by the lacteals and car- 
ried into the circulation : a Polypus, therefore, 
cannot be said to be nourished in the same man- 
ner as vegetables are, which is by continued ab- 
sorption by the external surface. 

If, as I suppose, no exception can be found 
to this remark, the characteristic which it points 
out as distinguishing animals and vegetables is 
very striking, and may properly form the leading 
feature in the definition of a vegetable: “ A 
“ plant,” I would therefore say, “ is a living or- 
gJinized body, which requires food and air for 
“ its support, grows, propagates its species, and 
“ dies: and differs from animals, in being nourish- 
“ ed by continued absorption by its external sur- 
“ face.” An objection to this definition has been 
anticipated by Mirbel, in combating the opinion 
of Aristotle and of Boerhaave, that plants are 

VOL.,. 
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animals turned outside in. “ II est naturcl,” says 
he, “ de soup^onner que tout vestige de canal in- 
“ testinal linit par disparaitre dans les animaux in- 
“fusoires*.” But this is a mere conjecture; and 
there is no good reason for supposing tliut these 
animals have not an intestinal canal, although the 
smallness and transparency of their bodies pi event 
us from detecting it, even with the aid of glasses'l*. 

Having endeavoured to give yoo a determinate 
idea of a vegetable, let us now take a general 
view of those functions which plants possess in 
common wdth other organized bodies, that is, with 
animals. 

When a plant is examined with care, its struc- 
ture is found, in many respects, to correspond with 
that of the animal body. It is composed of solid 
and fluid parts ; the former comprehending fibres, 
which are endowed with elasticity and contrac- 
tility, and vessels in which the fluids move. The 
most perfect vegetables, however, differ from ani- 
mals in structure, in having no stomach, heart, 
brain, nor nerves ; but all these organs are not 

* El^mens de Piiysiologie veg6tale» &c. t. i. p. IK 

f For practical purposes, as £. J. Smith observes, it is 
sufficient for the student to know that he may always decide 
whether ** he hajj found a plant or one of the lower orders of 
^ animals, by the simple experiment of burning:’* the odour of 
burning animal matter being so essentially differept from that of 
veget|ible substances, as not to admit* of being mistaken. 
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found in every animat; for many of the lower 
classes of animated bodies want one or more of 
them. As is the case in animals, the organs with 
which plants are furnished are always of the same 
structure in every individual of the same species, 
when in a natural and healthy state : and these 
organs are also susceptible of the same impres- 
sions from external agents, the circumstances being 
in every respect equal, in every individual of the 
same species. Thus any number of seeds of the 
same kind of Lily will produce Lilies all resem- 
bling each other in form and structure ; the same 
number of parts will be evolved, and the unfolding 
of them take place in the same manner. The dif- 
ferences of soil, of situation, and of culture may 
occasion varieties in colour and other unimportant 
particulars, but the specific characters remain in- 
variable. These facts are sufiicient to prove that 
plants are endowed with life, or possess the same 
principle by which the existence of the organic 
structure, the growth, and the propagation of the 
species in animals are supported : but let us exa- 
mine a little more closely those functions of v^e- 
tables which prove their vitality. Although vi- 
tality cannot properly be defined, yet we know it, 
when it is present in any object, by its effects, 
which are never displayed by unorganized matter ; 
and therefore we are accustoiiied to define it by 
saying, it is “ that property of matter connected 

* E 2 



" with orgQiiizutioii, W’hh'h uninuih and fdiints 
“ possess in common, of continuing life, liitih 
animals and veg’etublcs communicate it to their 
offspring. By viviparous aniitials it is communi- 
cated to the foetus long before its expulsion from 
the uterus; by the oviparous, to the punctuin sa- 
liens, which is afterwards tl»e chick, before the egg 
receives its shell ; and by vegetables, to the em- 
bryo contained in the seed, long before this has 
obtained perfection in point of size, and is sepa- 
rated from the plant. In these instances the 
functions of the new beings cither immediately 
commence, as is the case in the foetuses of vivi- 
parous animals ; or they do not commence till the 
necessary agents are present for evolving the projwr 
organs, as yet unformed or imperfect, as happens 
in eggs and in seeds: but, in both cases, it conti- 
nues for a definite time only, and is then lost. 
During its continuance both animals and plants 
preserve their organization, and resist those che- 
mical attractions or affinities which subsist be- 
tween the different component parts of their bo- 
dies ; and which, immediately wheo life ceases, 
act ; and, by dissolving the old combinations, pro- 
duce new ones, by the processes of putrefaction 
and fermentation, and render back their elements 
to the inorganic kingdom. We do not mean, how- 
ever, to assert that organized bodies do not admit 
of chemical combinations, during life; as it can- 
not be denied that more contplicated and diversi- 



fi«d combinations are the direct result of the living 
principle, than can be produced by the simple 
power of affinity when it operates on dead matter. 
The particular functions of vegetables that depend 
on vitality are the germination of seeds, the nou~ 
rishment and growth of the vegetating plant, its 
absorption, perspiration, and respiration, adapta- 
tion to climate, and resistance of cold during 
winter. . 

The seeds of plants, Hke the eggs of animals, 
l>eing endowed with vitality, many of them may be 
kept for a very considerable time, even for a cen- 
tury of years; and yet, when they are ])laceu under 
favourable circumstances, at a proper season, and 
in a situation where they can receive a sufficient 
supply of air, heat, and moisture, immediately 
begin to germinate and grow. If any thing tend 
to destroy this principle in the seed, instead of 
germinating, when placed in a situation favourable 
for germination, it rots ; for, although the vitality 
which seeds thus possess does not depend on any 
external circumstances, yet^ it may be destroyed by 
external causes. The time which it may remain 
latent is not the same in all seeds: some will not 
germinate unless they be put into the ground al- 
most immediately after they be gathered ; whereas 
leguminous seeds may be kept for ages, and yet 
preserve their vegetative power. .The vitality of 
some seeds is indeed so permanent, that it pre- 
• . B 3 
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serves them for an indefinite period of time, when 
tmder certain circumstances; as when some of 
the mucous-^oated seeds, mustard or linseed, for 
example, have been accidentally buried at a con- 
siderable depth, and are again, after many years, 
thrown upon dr near the surface of the ground. 
In this case, these seeds readily germinate, and 
become as vigorous plants as if they had been the 
produce of the foregoing year. It is owing to this 
circumstance, that often, when forests are cleared 
of the overshadowing trees, which had long pre- 
vented the vegetation' of any seeds in the ground 
below them ; or when buildings are razed, and the 
earth at their foundations turned up, plants sud- 
denly appear, different from any in the immediate 
neighbourhood, and even unknown by the oldest 
inhabitants of the spot. If a seed, however, be 
once exposed to the action of heat, air, and mois- 
ture, in a situation adapted for its growth, it ger- 
minates, and its vegetation cannot then be stopped 
without destroying its vitality, and the seed of 
course rots ; the continued application of the same 
agents, which first called into action its powers of 
life, being absolutely necessary for its future ex- 
istence. 

the paits of a plant have been unfolded 
seed, its functions depend altogether on 
principle with which it is endowed. It 
i>om the soil its nourishment, digests and 
ates it into its proper substance, and depo- 
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sits in its body those secretions whicli i-ender it 
useful to mankind for economical and medicinal 
purposes. The simple absorption of fluids by the 
roots of plants might, perhaps, be explained on 
mechanical principles ; but the circulation, or, 
rather, progressive motion, of the sap, can only 
be accounted for on the supposition that plants 
are living beings. Various theories have been of- 
fered to account for the ascent of the sap in plants ; 
but this is not the moment for criticising these dif- 
ferent opinions; it is only necessary to observe, 
that the sap continues to rise during the life of the 
plant, and ceases when it dies; and that it ob- 
'dously does not depend on capillaiy attraction, or 
any mechanical impetus independent of vitality. 
If a plant in a flower-pot be kept for some time 
perfectly dry, till vitality ceases, no supply of 
water can again be taken up by its vessels, how- 
ever favourable the temperature may be; for, in 
this case, the plant having been deprived of one 
essential agent, its vessels no longer act, and it 
dies. Did the ascent of the sap, however, depend 
on any other circumstance than the living action 
of the vessels (which, I trust, we shall afterwards 
be able to prove is not the case), it would only be 
necessary, in order to restore any decayed plant, 
to supply it with moisture in a proper tempera- 
ture. Dead plants imbibe fluids, it is true, but 
they are not nourished by them ; and the moisture 
. B 4 
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only serves to hasten the process of decomposition. 
When a plant has attained the natural term of its 
life and dies, or when its death is occasioned by 
lightning or any other accident, the absorbing 
power of the roots and leaves is lost ; and the sap, 
which is contained in the vessels, is evaporated and 
dissipated ; which Mwld not be the case did these 
functions not depend on vitality. 

To the living powers of vegetables wo must 
also revert to account for the changes of the sap 
into the solid components, and the peculiar juices 
of the plant. No mechanical princ iples can pro- 
duce these effects ; they are opposed to the che- 
mical affinities which exist between the materials 
composing the substance of the plant: nor can 
they result from any cause, except from that prin- 
ciple which, whilst it is present, gives life and mo- 
tion to every being that is endowed with it; and, 
on being withdrawn, leaves the substance to the 
control of those laws that regulate the combina- 
tions of dead, inert, unorganized matter. It wfis 
the opinion of Linmeus and of many others, that, 
although the greatest variety of plants may grow 
at one time in the same field, yet that each of 
them selects and takes up from the soil those par- 
ticles of it only which are adapted to the peculiar 
nature of their secretions; or that the soil con- 
tained ready-formed all that is found in [dants. 
But there is rio need of this supposition to explain 
the great variety of secretions of plants reared 
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in the same soil, if we admit that vegetables are 
living beings. Is it more wonderful that plants 
should elaborate the same nutiiment into poisons 
and wholesome food, than that venom is secreted 
and lodged under the fangs of some species of 
serpents, whilst nothing of the kind is possess- 
ed by other reptiles that live on the same kind of 
food f In order to disprove that no such selection 
takes place, it is only necessary to rear any num- 
ber of different plants in water alone : each plant, 
in growing, will assume the nature and possess 
the qualities of the species to which it belongs, 
whether that be poisonous or salutary: a proof 
that the qualities of the secretions of plants, like 
those of animals, arc not dependent upon peculi- 
arities of soil, but on the action of the vital prin- 
ciple. 

Although every vegetable is a living being, yet 
all plants do not enjoy an equal share of vitality, 
nor are they all equally tenacious of life. Some 
plants die almost immediately, if they be deprived 
o’f moisture; whereas others, particularly some of 
the mosses, may be completely dried, and pre- 
served in this state for a considerable time, even 
for years, and yet retain their vitality; so that the 
application of moisture will again make them re- 
sume their verdure and grow. 

On the presence of the principle of vitality de- 
pends the power of reproducing pat ts that are de- 
stroyed. I'hus, if a tree be cut down, and the 
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root left in the earth, it will again shoot forth new 
stems, branches, and leaves ; and if the bark of 
a plant be partially cut away, it will be reproduced. 
This power, howevei’, is not possessed by every 
plant, nor is reproduction obseiwed to take place 
in every part of any plant. All those plants which 
may be regarded as compound beings (as trees, 
for instance, each bud of which seems to possess 
a distinct life), may have parts cut from them, 
which, if stuck into the ground under favourable 
circumstances, will throw out i^oots and grow, 
and each piece become an entire plant, similar to 
that from which it was cut. In some plants, even 
the leaves possess such a degree of distinct vitality, 
that any portion of a leaf, provided it contain 
part of the margin, when stuck into the ground, 
throws out radicles and becomes an entire and 
perfect plant, resembling that from which it was 
taken. The Bryophyllum calycinum is an ex- 
ample of this fact. But those which are consi- 
dered as simple plants cannot be much mutilated 
without suffering. If the Cabbage, or head of a 
Palm, for example, be cut off, the plant soon dies; 
or if a Fir, or other resinous plant, be much prun- 
ed or cut down, no new shoots are produced ; and 
if a leaf of any plant be once mutilated, it never 
again recovers that portion which it has lost. In 
this respect plants do not differ from animals. If 
a Polypus, and some kind of worms, be cut in 

5 
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pieces, each pai-t, as happens with the slips or 
cuttings of plants, becomes a perfect animal; and 
if part of a bone, or of a muscle, be taken away, 
it is reproduced by the vital powers of the animal; 
but the cutis, like the leaves of plants, when once 
destroyed, is never again restored. 

Plants absorb and transpire watery fluids by 
their surface. If a plant, or part of one, as the 
branch of a tree, be placed in a humid air, as long 
as either of them lives, it will absorb the moisture 
from the air by its surface, and augment in weight. 
On the contrary, in a dry air of an increased tem- 
perature, it transpires fluid in the form of invi- 
sible vapour, in the same manner as animals part 
with what is termed their insensible perspiration. 
The intention of this function of plants is evidently 
to throw off the superabundant water, which is 
necessary for keeping the nutriment absorbed by 
the roots in a state of extreme solution ; but 
which is no longer useful when the sap is about to 
be exposed to the action of the air in the leaf, and 
returned for the purposes of secretion and assimi- 
lation. The powers of absorption of the roots, 
therefore, must be regulated by the quantity of 
perspiration thrown off by the leaves and surface 
of the stems and branches ; and Dr. Hales found 
by experiment that the quantity of transpired fluid 
was rather more than equal to the weight of the 
water imbibed by the roots. Plants, hbwever, which 
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mals. It is sufficient, however, to protect them 
from the effects of frosts, that would otherwise 
freeze the sap contained in the vessels of many of 
them, and destroy their organization : for, we find 
that plants live during frosts which freeze the 
deepest lakes ; and dry up the moisture of every 
substance not endowed with vitality. It is never- 
theless true, that some plants may be even frozen 
during winter, and yet be so tenacious of life as 
to revive in the spring; but this extraordi- 
naiy circumstance is not peculiar to vegetable 
beings, as a caterpillar, for instance, may be frozen 
and yet live, after being thawed. The tender 
shoots that contain much moisture, and sickly 
branches, are however destroyed by sevei'e frost : 
for the vitality in the latter case is not suffi- 
cient to preserve the innate heat; and in the 
former its power is not great enough to prevent the 
freezing of the superabundant moisture contained 
in the substance of the shoot; and as all fluids 
expand in the act of freezing, this effect tears 
asunder and destroys the delicate vegetable vessels. 
Nor can tender and sickly animals resist severe 
frost more than vegetables, but are immediately 
frost-bitten. When this happens, the part morti- 
fies ; and, although the vigour of the general habit 
be supported, yet, the frost-bitten part can never 
again be restored to its former state, but is sepa- 
rated as a dead slough from the neighbouring 
sound parts. The san e effect is produced in a 
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plant ; for, if the newly evolved leaves of a tree be 
attacked by severe frost, they also mortify, and 
drop from the sound twig. Vegetables resist heat 
also ; for, a vine which is nailed on a wall will feel 
cool, when the wall can scarcely be touched on 
account of its heat : and fruits hanging in the sun 
remain cool, when a glass full of water placed in 
the game situation is quickly heated*. Mr. John 
Hunter found, by experiment, that while the 
thermometer stood under 56® in the open mr, the 
temperature of plants, tried by placing the bulb 
of the instrument within them, was always above 
that degree, but under it when the weather was 
ws'.rm. Plants are, however, very susceptible of 
the impressions of heat ; and feel its effects, as an 
agent acting on their vital energy, even partially ; 
so that one part of a plant may be leafless, and in 
a state of inaction or torpidity, whilst another part 
is clothed with foliage. If some of the branches 
of a vine, for example, which is growing on the 
outside of a hothouse, be taken into the house, 
these will be covered with leaves very early in 
spring, whilst those that are exposed to the 
weather remain naked, and in the same state as 
other plants, growing in the open air, in that season. 

* Mr. Forster, who sailed with Captain Cook, found tlie 
ground near a volcano, in the island of Tanna, so hot as to raise 
Fahrenheit’s thermometer to 210®; and, at* the same time, 
this spot was covered with flowers. 
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Vegetables require different degrees of tempera- 
ture for the pi-eseiTation of their vitality. The 
plant that flourishes under the ardent beams of a 
tropical sun, would quickly perish if exposed to 
the keen air of a northern latitude ; while the 
Norwegian Fir, which raises its luxuriant head 
green amidst the waste of Arctic snows, would 
sicken, drop its leaves, and stand a lifeless trunk, 
if removed to the torrid zone. But living vege- 
tables, as well as animals, gradually accommodate 
themselves to change of climate ; although they 
retain their old habits for some time after their re- 
moval, and by slow degrees only are naturalized 
to new situations. Thus a finiit-tree, for instance, 
which has been reared in a hothouse, and after- 
wards planted in the open air, will, in the fol- 
lowing season, expand its buds at the same time 
that it used to do, and so expose them to inevi- 
table destruction ; but after a few seasons, the na- 
tural habit of its species will overcome the acquired 
one of the individual, and the buds will remain 
shut up till the genial warmth of the returning 
sun, in spring, swells and expands them into 
leaves*. This powei’ of plants, which naturalizes 
them to different climates, has enabled human in- 

* Rice, which is a native of the torrid zone, has gradualiy 
travelled to Germany, where it is now cultivated; but Rice 
brought direct Trom the south of Italy will not vegetate in 
Germany, 
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dmtry and ingenuity to in(^ gefBcaUy the 

prodnctions of fev^ <pmier of thp, globe pv^ in 
surfiKje ; for, had this not beoi the cno» tbeplanta 
of eveiy ciioKite must have ahra|p 
same as tb^ were at the creadon the i^ld. 

As the vital energy v^tables ls disported 
by the application of external agenm, pardcuhii;l^, 
heat, the abstraction of these in patjt roust neops- 
sarily diminish the activhy of the vegetd[>te i^mo- 
tions. This is the case in winter, during iHmdi 
season, plants, like some amiaals, remain in a 
torpid state ; and, although th^ still live, yet the 
powem of v^tation are at a stand ; and . even in 
those that retain thmr foliage and veidure, no vi> 
sible increase of their paits takes place. That thdr 
presm'vation during this period de|>ends on mi. in- 
herent living {ninc^b is obvknis; Imr, whmt Ihe 
severity of the season is sufficient to overcome Itii 
preservative powm*, no renewal of thrir.actiyu#niip- 
tioins takes place at its termination: bv^mgfihBnd, 
as soon as , the animal creation begins to fi^ the 
waimth of sprii^, the bods of trees swdl, anii|^ 
trude their leaves, and the plant rapidly ad vttoofs 
in growth; with the mOreasing warmth of the 
summer 8«« the fbwers am expanded, mMithe^Nit 
anives at perfection ; till, as it dedines in anttmit^ 
the leaves ^1, and the state of toi^^d||^ , .ag i^n 
rmumed the^nnld of^^irinter. 

Thus I have' endtppipred to pftrm 

VOL. I. ’ 
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tables, iti common with animals, possess vital 
energy, which distinguishes them from inert matter, 
and displays itself by its effects. If we wish to 
extend the inquiry beyond the examination of these 
effects, and demand what vitality is ? we are forced 
to pause, and acknowledge the inefficacy of human 
means to unveil those mysteries which the Author 
of nature chooses to conceal. We*know that vi- 
tality is attached to organization ; but it does not 
depend on structniT ; it is not caloric, the cause of 
heat, although with this agent it has the closest 
possible connexion : nor is it chemical affinity, for 
it resists in organized bodies those combinations 
which affinity produces among their eomponents 
when vitality ceases. The flights of imagination 
fail us in forming any conjectures as to its nature ; 
we search in vain for a solution of the question in 
the schools of Philosophy; reason avails us nothing; 
and we are forced to contemplate its effects in si- 
lent admiration, and to regard it as an impulse of 
the Divinity, .breathed upon the organized part 
of the creation, astonishing and incomprehen- 
sible. 

Another principle which vegetables possess in 
common with animals, and which depends on life, 
is irritability, or the susceptibility of being acted 
on by external stimulants, so as to produce a change 
in the parts; or the relative situation of the parts 
of the body, which, without the impression thus 
communicated, would not have taken place. Those 
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agents which arc considered as natural stimulants 
to the animal body, as heat, light, air, and food, 
act also on the irritability of the v^table; and 
their moderate application is absolutely necessary 
for the preservation of the life and health of a 
plant. When they are withdrawn the irritability 
accumulates, and the plant languishes ; when they 
are applied in excess the vital powers are exhausted, 
and the plant also languishes ; and if they be 
withdrawn, and then again applied suddenly, and 
jn too great quantity, the plant dies, exactly in 
the samq manner as an anitnal who is killed by 
indulging in a full meal after having beeii nearly 
(.'arved. 

To bring forward examples in proof of the ex- 
istence of this principle in plants, in this stage of 
our inquiries, would be anticipating our future 
observations, nor could they be fully understood 
without. a knowledge of the structure of the dif- 
ferent organs in which it is more peculiarly dis- 
played; we shall, therefore, only observe generally, 
that to it must be referred all the motions of plants, 
both general and partial; except such as depend 
upon the agitation of the air, or winds, and other 
mechanical causes, and which, like exercise to an 
animal, are absolutely necessary for the preserva- 
tion of the health and vigour of the vegetable. I 
shall only now observe, that among the motions 
depending on irritability are those observed in some 
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leaves and flowers when touched ; the turning of 
leaves to the light; the opening and closing of 
flowers at a certain hour of the day, or, as it has 
been termed, vigiliee florum ; and the sleep of 
plants ♦ ; each of which we shall minutely inves- 
tigate in its proper place. 

Plants, like animals, are destined to perform 
their functions for a limited period only ; some live 
for one season, others twice that period: the 
Apple-tree flouiishes through a century ; and the 
Cedar is supposed to brave the temp-^sts of a thou-, 
sand years : but the hand of Time soonef or later 
presses upon all of them ; and without the aid of 
external injur\^, their vegetative powers cease; 
and, sharing the fate of all organized beings, they 
submit to decomposition, and crumble into their 
primeval elements. 

* Darwin {Phytologia, sect. viii. 4) ascribes these circum- 
stailces to volition ; an opinion wjiich I shall have an opportunity 
of combating in another place. 
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LECTURE III. 

GENERAL COMPONENTS OF THE VEGETABLE 
STRUCTURE. 

If any number of plants of the most diversified 
forms and structure, be individually cut, or divided 
or torn asunder, each and a.11 of them will be lound 
to consist of solid and fluid materials. A plant 
may therefore, as far as structure is concerned, be 
represented as a congeries of solids and fluids. 
Whilst, however, regarding it in this point of view, 
we must always bear in mind that both constituents 
are under the influence of the living pi’inc^le; 
that the fluid parts, often differing widely in 
chemical properties, are not only retained within 
<;ertain channels, and kept from mixing with 
each other ; but are moved progressively by a 
specific action of the solids through the whole body 
of the plant ; and altered in their characters so com- 
pletely, that the secretions which result have no 
affinity whatever to the fluids imbibed from the soil 
and the atmosphere from which they are formed ; 
and that, as in the living animal body, waste and 
repair are constantly going on in Ihe vegetable 
system. 
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Under the solids are comprehended, i. The 
general solid components of the vegetable organi- 
zation ; viz. the membranous, the cellular, thfe 
vascular and the glandular textures, the ligneous 
fibre, and the epidermis : ii. The organs necessary 
for the preservation of the individual ; — the root, 
the trunk, the branch and the leafiwith their fulcra 
or appendages : iii. The organs requisite for the 
repi*oduetion of the individual; — the flower and 
the fruit with their appendages : and, iv. Organs 
which hold a kind of dubious character, being in a 
certain degree both conservative and reproductive ; 
•—bulbs, gems, and gongyli. 

Under the fluids are comprehended the sap and 
the proper juice ; both of which may be regarded 
as general components. 

Let us endeavour to acquire an accurate idea 
of each of these parts, without adhering strictly 
to the order in which they have been enumerated. 

i. GENERAL SOLID COMPONENTS. 

The first of these, the Membranous texture,'[s an 
exquisitely thin, transparent, colourless, film-like 
membrane or pellicle, which is found in every in- 
dividual of the vegetable kingdom. Du Hamel, 
and some other authors, have asserted that it is 
composed of organic fibres, arranged parallel to 
each Other, dnd united by a glutinous substance ; 
but, as Mirbcl has justly remarked, this is one 



71 


LECT. III.] CEELUiAn TEXTUKE. 

of those opinions by which the mind is amused, 
when research is fruitless.” Indeed, the nicest 
microscopical examinations have not thrown any 
light on its structure ; and we may safely aver that 
no appearances of organization have hitherto been 
detected in it. When placed under the microscope 
in a moist state, it* resembles the film of a soap- 
bubble* ; but, as it can be examined only as form- 
ing other textures, our observations must always be 
liable to error. It is that component of the vege- 
table structure, which constitutes its basis ; or 
which, in, its lax state, forms the cellular and the 
glandular textures and the epidermis; a little con- 
i' ensed, the vascular texture, and perhaps, still more 
consolidated, the ligneous fibre: consequently, it 
enters into the whole of the solid materials of the 
vegetable body. 

The Cellular texture is formed from the mem- 
liranous. It presents, in the parts of a plant where 
it is not compressed, the appearance of hexagonal 
cells, I’esembling those of a honeycomb. Grew, 
and some other botanical anatomists, had observed 
these cells, and believed they were little bags or 
utriculi lying contiguous to each other : he com- 
pares them to tlie bubbles on the scum of ferment- 
ing liquor ; but, although the comparison be correct 

* Mirbel asserts that it is “ d’unc cpaisscur variable selon 
“ la nature particulierc des cspcces ct Tag^ dc*^ individus/^ 
hlemcHs de Vhysiologie vtgclalet Paiiie }), 
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in some stages of the formation of the cellular 
texture, yet it is incorrect, as far as regards its 
fully organized state. Mirbel, who examined them 
with more attention, first pointed out their real 
nature. lie discovered that they are similar to 
the geometrical cells of a honeycomb, althougli 
sometimes of a longitudinal figure, and tliut 
the divisions of the membrane which forms 
fl. them are common to contiguous 

cells (fig. a) ; that they communi- 
cate with each othe ' by means 
of pores and slits, about the three 
hundredth part of a line in diame- 
ter (fig. b) * ; and that through these 
perforations the vegetable juices 
they contain are slowly transfused. 
The same author asserts also, that 
these pores are surrounded with 
borders, “ petits bourrelets epais et 
calleux;” l)ut this is doubtful. He 
describes the perforations as being few and scattered 
in the true hexagonal .cells ; but numerous and 
arranged transversely in regular series, in the 
longitudinal -j-. The membrane itself is so thin, 
that, when examined through a microscope, with 

* It must be recollected that, in these representations and 
in all those of the vegetable internal structure which are to 
follow, the parts are very highly magnified. 

j- Elemens de Phys, trgei. Parlie p. 29., 




LECT. 111.] CELLULAR TEXTURE. 73 

the light obliquely thrown upon it, it appears 
iridescent; but, as it has been already stated, 
its organization is too minute to be determined 
by any magnifying power with which we areac-^ 
quainted. When put into water it is very quickly 
reduced to a kind of mucilage. This solution, 
however, takes place only when the vitality <jf 
the part is extinct ; for, the cells in the living 
plant are * often turgid with aqueous fluids, and 
yet they retain their proper consistence and 
form. ' • 

The cellular texture, in one form or another, 
enters into the composition of almost every vege- 
able organ. It is dry in some parts, but in other 
situations it receives and slowly transmits fluids ; 
and in it, principally, the various secretions of the 
plant are deposited. Thus, it is generally filled with 
mucilaginous, resinous, oily, and saccharine juices; 
but sometimes the cells contain only air. In the 
bark of plants the cellular texture is found imme- 
diately under the cuticle, filled with a resinous juice, 
which is of a different colour in different species of 
plants, but most frequently green. In this situa- 
tion it is the seat of the colour of the bark, in the 
same manner as the rete mucosuin, or, more pro- 
perly, the reticulated capillary membrane situated 
under the human cuticle, is supposed to give the 
colour to the skin ; the reddish white in the Euro- 
pean, and the black in the Afiican. The cells 



74 CBLLULAR TEXTURB. [lBCT. III. 

are filled with the same green juice in leaves, which 
are composed of a layer of cellular substance 
placed betwixt two layers of cuticle. The medulla 
*or pith of plants is, also, composed of these cells, 
filled, in young and succulent plants and branches, 
with water, or watery fluids ; but in older plants, 
and in the trunks and branches- of trees, not succu- 
lent, they are generally empty. In the latter the 
shape and structure of the cells are most conspi- 
cuous, and easily obseiwed. Tims, if a transverse 
or longitudinal section of a twig of Spanish Broom, 
in the second year of the growth of the twig, be 
placed under the microscope, or. even a common 
lens, the pith of it displays in the most beautiful 
manner the hexagonal cells, the transparent iride- 
scent appearance of the membrane fomiing their 
walls, and the situation of the communicating pores. 
It is well seen also by the aid of the microscope 
in the pith of many other plants. ITie petals of 
flowers are almost entirely composed of cellular 
texture, the cells of which are filled with juices 
fitted to refract and reflect the rays of light, so as 
to produce the brilliant and delicate tints with 
which the pencil of Nature has embellished these 
parts. In the same manner it enters into the coin- 
position of the stamens, the stigma, and even the 
pollen or fecundating farina of the flower. The^ 
fleshy parts also of succulent roots, and of pulpy 
fruits, me formed of this cellular texture filled 
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with different juices according to the nature of 
the roots and the fruit. 

When the cellular texture is compressed, the 
cells are found forming nearly parallelograms, as 
in the leaf-stalk of the Artichoke, in wliich they 
have a somewhat tubular appearance ; and, by tlie 
stretching of the membrane, the pores, which in 
the hexagonal cells are arranged without any 
order, are now veiy regularty disposed. The cells 
are proportionally more abundant in herbaceous 
plants than in trees ; and in the younger tlian in 
the older branches. Senebier asserts that the par- 
titions of the cells consist of a double membrane ; 
but this is not capable of demonstration. 

Such is the nature and appearance of the cel- 
lular texture. There is every reason for believing 
that it enters as a component into almost every 
part of the vegetable structure ; and anatomy con- 
firms the opinion as far as we have the means of 
ascertaining the fact. There are indeed some 
plants, as the Fuci and other marine vegetables, 
which appear to be altogether composed of cel- 
lular texture. 

The next of the solids enumerated is the 
Vd^cular texture. It consists of hollow tubes 
of different forms and structure, which are 
capable, like the vessels of the animal frame, 
of conveying fluids. When a sftccuient stem 
is cut trapsvcisely, fluids are seen issuing from 
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different points ; and, if the peculiar juices of the 
plant be of a milky or coloured nature, as in 
the Fig-tree or in any of the species of the genn'- 
Euphorbia, they are still more clearly perceived 
to issue from different points ; for instance, the 
watery or colourless from one set, and the milky 
oi* the coloured from another. This circumstance 
leads ns to conclude that the sap, or wtery fluid 
imbibed from the soil, is carried in one set of 
vessels, and that the proper juices formed from the 
sap by the vital powers of the plant, are conveyed 
in another ; or, that there are conducthig and rr- 
trtming vessels : a fact which has been jiroved by 
experiment, and which we shall afterwards fully 
illustrate in speaking of the powers which move 
the fluids in the vegetable body. 

The minuteness of these vessels requires the aid 
of the microscope for their examination ; and even 
by its assistance as they 'are not easily seen, owing 
to their coats being in many cases transparent, and 
^the fluids contained in tliem colourless, we arc 
obliged, in order to render them more evident, 
to have recourse to coloured fluids, which are 
readily absorbed when the cut ends of twigs or 
branches are immersed in them ; and the cdhrse 
of the vessels tlirough the. branch is tlms marked 
the colour. Tiiis mode of filling the vegetable 
vessels has been termed injecting, the intention 
of tUef pTocess being the same as that which is 
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aimed at by injecting coloured wax and mercury 
jpto the animal vessels, when we wish to trace 
their course. The most eligible fluids for tins 
purpose are decoctions of Brazil wood, and infu- 
sions of the skins of black grapes ; and the plants 
likely to yield the most satisfactory results to the 
beginner, are the Periploca Giwca, and the Aris- 
tolochia Sipho*. The plant or twig to be injected 
should be cut with a very sharp knife, and its 
divided end immediately placed in the coloured in- 
fusion in a warm temperature: after a few hoi^ ’s the 
colour, in plants favourable for the experiment, in,iy 
be traced into the leaves, the flowers, and even the 
fruit. This discovers the course of the conducting 
or adducent vessels; and when the operation is 
reversed, the twig being cut at ifs top, and in- 
verted in tlie coloured fluid, we can trace that of 
the returning or abducent vessels. By placing 
transverse and longitudinal sections of twigs and 
parts of herbaceous plants thus treated under the 
microscope, we are able to ascertain the organiza- 
tion of the coats of the vegetable vessels. Some 
of the vessels, however, cannot be rendered more 
visible by this means, as they refuse to admit 
coloured fluids ; and therefore any knowledge of 

This species of Aristolochia is a native of the Alleghany 
mountains ; but it is now to be found in dvery botanical garden, 
and in most of the nursery gardens around London. 
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tlieir structure can be obtained only by means of 
powerful microscopes. • 

Notwithstanding these facts, the existence of 
a vascular system in plants has been altogether 
doubted ; and the subject has given rise to much 
controversial discussion. 1 miglit amuse you by a 
detail of the opinions delivered on both sides of 
the question ; but little would be gained by such 
a display ; and it will be much more satisfactory 
to you, to direct yoqr attention to those facts only, 
which have been clearly demonstrated und which 
are generally admitted as correct. 

The Botanists to whom we are chiefly indebted 
for the information we possess relative to the vege- 
table vessels, are Mirbel and Mr. Knight. The 
former examined them by means of microscopes 
of great power, and developed their real structure ; 
the latter made many experiments on them by 
means of coloured fluids, which have thrown the 
greatest light on the vegetable physiology. Let us, 
therefore, take these two celebrated Phytologists as 
our guides in thjs part of our inquiries. 

The Vascular ov tubular portion of the vege- 
table structure composes a kind of net-work, 
owing to the frequent communication or anasto- 
mosis of the vessels with one another,, which per- 
vades almost every part of the plant. The parti- 
cular vessels vary both in form and in the diameter 
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of their calil)ers. They are composed of the 
membranous texture, are firm, comparatively thick, 
and somewhat pellucid. Linnaeus, following Ges- 
ner, admitted the existence of three descriptions of 
vessels only, which he named from their supposed 
uses. The first he called vasa succosa, because they 
C£|fried fluids ; the second, tilriculi, on account of 
their being receptacles for preserving the vegetable 
juices; anjd the '■bird, tracheve, or air-vessels* ** . 
Willdenow'f’ also arranges them according to their 
supposed uses, into, 1. air-vessels — vasa paeuma- 
tophora ; 2. adducent vessels — v. adducentia ; !i. 
reducent vessels — v. redncentia ; and, 4. lym- 
phatics — V. Ipmphatica: but every arrangement 
founded on the supposed functions of the vessels 
must be liable to objections. I think it preferable 
to adopt the arrangement of Mirbel, with some 
little variations, as it is constructed altogether on 
the forms of the vessels. He describes six different 
kinds of vessels:};; but the whole may be arranged 
under the three following genera : 


* Constant vegetabilia triplicibus rasi*: !• Vam succosa 

** liqiiorem vehunt. 2, Vtriculi alveolis succuin conservant. S. 

Tracheae aerem attrahunt,’' Philos, Botan, §78, 
f Vide Principles of Botany^ trans. § 236, 

% “1®, Les vaisseaux en chapelet ou moniliformes ; 2*, les 
** vaisseaux poreux; 3®, les vaisseaux fendus ou fausses trach^es ; 

lestrachees; 5®, les vaisseaux laixtes^ C\ les vaisseaux 
** propres.” Elem, de Phys, veget* p. 31. 
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1. EntU'e vessels. 

2* Perforated vessels. 

3.. Spiral vessels. 

1. Tlie Entire vessels are, as their names im- 
port, simple tubes formed of imperforated mem- 
brane. They are cylindrical; and are generally 
in bundles, regularly disposed in the ccl- 
Inlar part of the hark (fig. c). They are 
found in the young shoots of almost every 
kind of plant ; and in the fasciculated 
state may be readily detected, and ey- 
amined by the aid of magnifying-glasses, 
in the leaf-stalk of the common Fern, in 
the Arrow-head, Sagittaria sagittifoliay 
and in the coujmon Hemp. In order to 
examine them individuallv, the bundles should be 
steeped in spirit of turpentine for a few days, 
by which means the vessels can be easily detached 
from one another. 

These vessels are intended to convey the proper 
juices of the plant ; and are generally found filled 
with oils, and resinous juices ; consequently, they 
are more numerous in plants, the juicc.sof which are 
of a thick resinous nature; and these drying ^long 
with the condensed vessel in the bark, are the 
matters on which the medicinal virtues of barks 
in general depend. They are described by Mirbel 
under the nfftne vameaux ftropres *, and are di- 

^ EJnncns de Phys. v/g, Pailie SL 
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vidcd hy liiiu into two species — solitary and fasci- 
culated. Those which he terms solitary, however, 
are, in my opinion, improperly regarded as vessels, 
being merely oblong cells, simple receptacles of 
secreted juices. 

2. The Peri'orateu vessels are cylindrical 

tubes, the sides of which are pierced with minute 

perforations variously distributed. 1’hey may be 

divided, according to the character of the 

^ . . d 

perforations, into two species ; a. Cnhri- 

form vessels, the perforations of which arc- 
simple j)ores, arranged in parallel series, 
transversely and equidistant over the 
\.-hole surface of the tubes (fig. d, e). 

Mirbel denominates them ‘‘ poreux.” He 
asserts that each perforation is surrotmd- 
ed with an elevated border (bourrclet e. 
saillant), as represented in fig. e ; an 
aj)pendagc whicli I have nev'cr been 
able to perceive; and observes, that they 
must not be regarded as continuous tubes, 
as they often separate, join again, sometimes dis- 
appear altogether, and always terminate in cellular 
texture. I’liey are found in the substance of roots, 
in the formed wood of stems, branches, leaf-stalks 
and the central rihs of leaves ; and are most 
numerous in hard woods, as of the Dak and the 
Chestnut. Their pores arc so extrcrn''ly small, 
that, in ordei* to perceive them, a thin longitudinal 

VOL. I. 
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slice of the wood to be examined must be cut, and 
placed in a drop of pure water under a powerful 
microscope. It has not been accurately ascertained 
what kind of fluids is contained in these vessels. 

A modification of the perforated vessels, having 
the appearance of a string of beads 
(fig.y), is named by Mirbel vaisseaux 
en chapelet, beaded vessels. It con- 
sists, as it were, of united portions of a 
porous tube, narrowed at the extre- 
mities and divided from each other by 
perforated diaphragms. This variety 
of the perforated vessels is found fre- 
quently in roots, and at the going off 
of branches and the attachments of leaves, being, 
says Mirbel, “ intermediate between the large ves- 
sels of the stem and those of the branches ; and it 
is by their means,” continues he, “ that the sap 
passes from the one set of vessels into the other 
h. Annular vessels are so named from the per- 
forations being transverse and oblong, as if the 
tube were formed of rings, of the same 
S’ diameter, placed one above another, and 

! attached at some part of their edges, but 
not touching throughout the whole circum- 
ference. (Fig. g.) These vessels are in fact 
porous vessels, with oblong transverse pores, 
resembling in every respect, except in shape. 



^ EUm, de Phys* vfgH, 1*" Partie^ p." 31. 
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the round pore.s of the last described vessels. 
They are also surrounded by a border 
(fig. h), and convey resinous and oily 
secretions. They are found in greatest 
nmnbcr in the less compact woody parts 
of the plant. The centre of the majo- 
rity of the species belonging to the family 
of plants named Lycopodium contain a thick 
cylinder, which is chiefly composed of vessels of 
this kind. Ferns also inclose many of them, in 
their woody threads ; and several other plants, 
particularly the Vine, the wood of which is soft 
and porous, contain them in great numbers. Mirbel 
denominates them les fausses trachf'es; but as 
the analogy by Avhieli they are thus named is not 
just, I conceive we are more correct iu calling 
them, from their structure, annular or binc.ed 

VESSELS. 

Each of these species of perforated vessels is 
occasionally seen forming different parts of the 
same tube ; or one portion of it may present the 
cribriform characters, and another tlie annular. 

3. The next set of vessels, the spiral, has been 
known to Botanists since the time of Grew, tvho 
was the first that gave his attention to the ana- 
tomy of plants. They have been named vasa spi~ 
ralia, and^fissurce .spirales, from their appearance ; 
and tracheen from their resembling flm tracheae of 
insects, and . from , an unfounded opinion that 

G 2 
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they were the vegetable organs of respiration*. 
They are the largest of the vegetable vessels ; and 
in many plants their structure is visible to the 
naked eye. Thus, if a leaf, or a green twig of 
Dog- wood (Cornus san guinea) , or of Elder (Sam- 
bucus nigra), or the stem of any of the Lily 
tribe, or one of the fleshy scales of any bulb, 
as, for example, that of the Squill, be partially 
cut, then cautiously broken, and the divided 
portions carefully drawn asunder, the spiral vessels 
will be seen appearing like a screw, and their real 
structure become apparent. They are formed of 
a thread, turned in a spiral manner from right to 
left.; as if, to use an illustration of Dr. Thomson, 
a fine and slender (he should have added flat) 
wire were wrapped round a small cylinder 
of wood, so that the successive rings touch 
each other, and then the cylinder be with- 
drawn ; the form thus acquired by the wire 
will represent the spiral tubes -f*. (Fig. i.) 
The thread of which they are formed is 
elastic, opaque, silvery, shining, and flat ; 
and in several plants, particularly the Ba- 
nana (Musa Paradisiaca), it is sufiiciently 
strong to suspend the inferior portion of the 
twig, or the leaf, if it be not very large ; 
but there is no reason for believing, as 

* Such was the opinion of Grew, Malpighi, Hedwig, and 
Linnaeus. ^ , * ' 

iv Thomson's Chemistry, 5th edit. vol. iv. p. 336. 
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Willdenow and others have asserted, that it is 
hollow, and forms a real vessel thus twisted in a 
spiral manner; or, that the larger hollow tube 
is an air-vessel, while the spirally twisted thread 
is a vessel carrying fluid. For, if we consider the 
smallness of the larger tube, and the flattened state 
of the thread of which it is formed, the impos- 
sibility of any fluid entering the smaller one, if it 
really existed as a vessel, may be easily conceived. 
According to Hedwig’s observations, made with a 
microscope which magnified 290 times, he found 
that the apparent diameter of these air-vessels, as 
he supposes them to be, is one tenth of an inch ; 
their real diameter must, therefore, be the 
290th part of the tenth of an inch, or the 2,900th 
part of an incfi. What then, I 
would ask, must the diameter of the 
supposed spiral vessel be, and what 
fluid could be conducted through it ? 

The thread is sometimes double 
(fig. k ) ; and Mirbel asserts, that 
it is furnished with a glandular 
border (fig. /). 

These vessels are found in 
great numbers in monocotyledonous 
plants *, as in the centre of the ligneous threads, 

* These are plants, the seeds of which have one lobe only ; 
the term monocotyledon being a compound of ^le Greek words 
/two; (monos), one, and »0TvXtiSw* (kotulcdon), hollow^. 

. o 3 
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which exist in the stems of Grasses, and in Palms. 
They are numerous also in most herbaceous plants ; 
and particularly in aquatics of a lax texture. They 
are seldom detected in the root, and never in the 
bark ; but are situated round the medulla of the 
young shoots of trees and shrubs ; whence bundles 
of them are given off, and enter the middle rib of 
leaves, to be distributed through them under their 
upper surface. They have been detected, also, in 
the calyx, or flower-cup, and other parts of the 
flower ; and Gaertner asserts that they are evident 
even in the seed-lobes. The spiral vessels, in their 
course, proceed always in straight lines, without 
any deviation; whereas all the other vegetable 
vessels often take a curved direction. It is into 
these vessels that coloured injections most easily 
enter ; and when an annual twig of the Fig is thus 
injected, they are seen in a transverse section of it, 
like red dots around the pith, placed within an 
external circle of the vessels, which contain the 
succus proprius, or milky juice of the plant. 

It cannot be afiirmed that the varieties of form, 
which we have pointed out in the vegetable 
vessels, is of the same importance as the differ- 
ence which exists in the structure of the arteries 
and veins of animals. There are, indeed, some 
plants in which three of the modifications of struc- 
ture, accoi’ding to Mirbel’s observation, are found 
in the same tube. In the Butomus umhellattis, 
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Flowering Rush, says that author, “I have seen 
long portions of vessels present, at intervals, the 
appearance of an unrolled trachea, a transversely 
cleft vessel, and a porous vessel.” 

Besides these vessels, Hedwig ima^ned there 
existed lymphatic, or absorbing vessels, opening 
upon the cuticle, and forming a circle round the 
exhaling pores : a doctrine, which has been adopted 
by Willdenow and others ; but which Mirbel justly 
combats, alleging “ that the sides of the cells 
which terminate in the cuticle, and the fragments 
of which remain fixed to that pellicle when it is 
detached, have been mistaken %r lymphatic ves- 
sels by Hedwig 

Mirbel mentions another set of vessels, which 
he denominates little tubes ; but they may rather 
be regarded as tubular cells, than vessels, being 
closed at the extremities. They resemble, very 
much, stretched cellular substance, except th^t 
the membrane composing them is less transparent, 
and of a greater consistence. The solidity <rf 
plants depends very much on tlie quantity and 
density of these cells, which are filled with thick 
and coloured, or thin and colourless juices, ac- 
cording to the nature of the plants in which they 
exist. 

Such is the vascular system of vegetables. 

* Elint, de Phyt. vSgSt. !•" Partie, p*. M). 

. c 4 
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As we do not intend, at present, to enter into 
any account of the uses of the vessels we 
have described, we will only observe, that as 
all vegetables take up nourishment from the soil, 
and change it into juices different from each 
other, and which must be preserved from mingling 
together during the life of the plant, we might 
(k priori) suppose that plants must necessarily 
possess a vascular system : microscopic anatomy 
proves the fact, displays the numerous ramifica- 
tions, and general distribution of the vessels : ob- 
servation shows that their elongation increases the 
bulk and growth^^ the plant, and that they per- 
form the most important functions in the vegetable 
system. I may here also remark, that whilst the 
tubes, or vessels, whieh have been described, are 
intended chiefly for the longitudinal progression of 
fluids, the lateral transmission of the vegetable 
juices is performed, perhaps solely, by organized 
pbres and slits, sueh as have been described in 
the perforated vessels, and in the sides of the 
cells. But the account of the manner in which 
this function is performed, must be postponed for 
our future consideration. 

The strueture of the Glandular texture, as 
far as relates to the interior of the vegetable body, 
ifamch more difiicult of demonstration than that 
^oFliny of the general solid components which 
Wve been already noticed : but, when the im- 
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possibility of attaining an accurate knowledge of 
the glands of the animal body, which are large 
and visible to the naked eye, is considered, it will 
not appear wonderful that our remarks on this 
part of our subject are drawn rather from analogy 
than from actual observation. Wlien, however, 
we reflect on the nature and diversity of the vege- 
• table secretions, and that plants possessing the 
most opposite properties rise from the same soil, 
there appears to be no medium by which the 
absorbed aliment can be so altered in its characters, 
except by that of a glandular system. I am 
willing to admit that the simplicity of the vegetable 
structure is astonishing ; and that effects are pro- 
duced in plants, by means which are apparently 
very inadequate, when we regard them with a 
reference to the animal economy : yet, still, when 
the eye glances over the number and variety of 
vegetable products, there is much reason for sup- 
posing, that the simple transfusion of fluids can 
scarcely be sufficient for the production of these 
changes. We know that the laws of chemical 
affinity, in the temperature in which they take 
place, are inadequate to the effect ; and, besides, 
many of the changes produced, particularly those 
which fit the sap to be assimilated into the sub- 
stance of the plant itself, are directly contrary to 
the laws of chemical affinity, which operate in 
destroying these combinations, as soon as the vital 
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piindphe of the plant ceases to act. Although, 
tha^eJbrej we cannot by demonstration prove the 
adstenceof internal glands in vegetables, yet we 
have the strongest analogical proof in favour of 
the supposition that they do exist. The pores and 
clefts of the cells and the vessels which have been 
described are surrounded by opaque regular 
borders ; and even the flat thread which forms the ‘ 
spiral vessels is edged with a similar border. These 
bodies are regarded by M. Mirbel as glands ; 
and he conceives the opinion receives weight fi’om 
the circumstance of the mucilage, which is changed 
into the organized tissue, being found always col- 
lected in greatest quantity around those vessels 
which are most studded with these opaque borders. 
This supposition is extremely probable, and is one 
of those which, if they cannot be confinned, 
cannot be positively denied. If, as we suppose, 
vegetable glands exist, they must necessarily enter 
as a general component into the structure of every 
plant. 

Besides the glands, the existence of which in 
the interior of the plant, if not demonstrable is 
too probable to admit of much doubt ; there are 
also external bodies, which all Botanists have 
agreed in considering as glands, and which, in 
general, separate, as an excretion, some peculiar 
fluid *. Thus, honey, or a nectarious fluid, is 

* Glandula,” says Linnaeus, est papilla humorem excer- 
ntns/’ Philosophia Botanica^ § 84, 6. 
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secreted at the base of the petals or colpured 
floral envelopes, in the greater number of plants ; 
on the stalks of others, a viscid substance is 
thrown out ; and on some, little sharp bristles 
are planted, which are perforated, and through 
which a very acrid fluid is ejected into the wound 
which they make in the cuticles of animals. 
Examples of the first are to be found in almost 
all flowers ; we observe the second in the species 
of the genus Silent, called Catch-fly, and in many 
other plants ; and the bristles of the Stinging 
Nettle supply a well-known instance of the Jast. 

Of the structure of these glands, although 
they are external, yet very little is known ; and 
microscopes of the greatest magnifying powers 
present them as masses of cellular substance only, 
with vessels passing on to their centre, without 
developing any other particular organitzation, 
which might lead to the formation of a theory 
explaining the mode in which they perform their 
functions. These, however, are, in some degree, 
obvious from their effects ; and afford more than 
probability to the idea that vegetables possess a 
glandular system. We shall have occasion to 
point out, and explain, the particular forms and 
functions of these external glands in different 
plants, when we come to examine the parts on which 
they are situated. 

The Ligneous Jibre is a very minute, firm, 
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elastic, semi-opaque filament, which, by its cohesion 
with other filaments of the same kind, forms the 
proper fibres, or layers of longitudinal fibres, that 
constitute the grain or solid part of wood. It 
enters, also, into the composition of another set 
of layers, that traverse the longitudinal, named 
divergent. It is intended to giv,e support and 
firmness to the vegetable body, and hence is found 
in greater abundance in trees and other perennial 
plants ; and according to the number of the ligneous 
fibres in eaeh bundle of layers and the force of 
their cohesion, the wood of different trees possesses- 
a greater or less degree of hardness. But, 
although wood is found of various degrees of 
consistence, yet, as Count Rumford has suggested, 
it is probable that the ultimate fibre is the same 
in all plants*. 

WHfether the ligneous fibre be of original forma- 
tion similar to the muscular fibre of animals, or 
condensed membranous or cellular texture, or an 
obsolete obstructed vessel as Hedwig supposes, 
is yet undetermined. It is so intimately united 
with the cellular texture containing the vegetable 
secretions, that it cannot be procured pure for 
examination, vrithout the aid of chemical agents to 
separate these adjuncts. If a thin shaving of well- 
dried wood be first digested in boiling water, then 

* Nicholson’s Journal, vol. xxxiv. p. 319. 



LECT. III.] EPIDERMIS. 93 

in alcohol, and lastly in ether, every thing soluble 
in it will be extracted by these liquids, and the 
insoluble part which remains be found to be com- 
posed of interlaced fibres, easily subdivided and 
having some degree of transparency: these are 
the ligneous fibres. They have neither taste nor 
odour, and remain unaltered by exposure to the 
atmosphere : but althougii insoluble in water, 
alcohol, or ether, tne fixed alkalies and mineral 
acids dissolve and decompose ligneous fibre. The 
relative quantity of this fibre in any plant may be 
pretty accurately ascertained, by exposing a g^ven 
•quantity of the wood to a moderate ■fire, in close 
vessels, for a number of hours sufficient to convert 
it into eharcoal ; for, as the wood only becomes 
charcoal and the other parts are dissipated, the 
proportional weight of the charcoal obtained shows 
the quantity of the ligneous fibre contained in the 
wood. By experiments of this kind, earefully per- 
formed on the wood of the Poplar, the Lime, the 
Fir, the Maple, the Elm and the Oak, Count 
Rumford ascertained that the quantity of ligneous 
fibre in each of these trees was equal to nearly 
nine twentieths of their wood in its natural 
state*. 

The Epidermis is that portion of the vege- 
table structure which is exterior to all^the others ; 

* Gilbert’s Annalen der Physick, xiv. p. 25 ; and Thomson’s 
System of Chemistry, 5th edit. vol. iv. p. 186. 
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at least to those which retain their vitality in the 
vegetating stale of the plant: or it is that part 
which is interposed between the living organs of 
the individual, and all extraneous substances. In 
this respect it resembles the cuticle of animals ; 
but Botanists have been too fond of tracing this 
analogy, which has, not unfrequently, biassed 
their observations, and led to erroneous conclu- 
sions. It extends over the surface of every part 
of the plant; from that of the delicate petal of 
the flower, to that of the leaves, the branches, 
the stem, and the root; but, except in young 
stems and roots, it is not the exterior part of those 
organs of the plant; the coarse rugged surface 
of older roots and stems being exterior to the 
real epidermis. It is common to every kind of 
plant, nor can we conceive that any one can 
eidst without it. Botanists, as I have already 
stated, are very fond of drawing an analogy be- 
tween the epidermis of plants, and the animal 
cuticle ; and the resemblance, in many respects, 
is conceived to be closer than it really is; but 
there is, nevertheless, in some circumstances a 
very striking analogy. The vegetable epidermis 
may be separated from the parts which it covers, 
by raising it cautiously with a knife ; but this 
is more easily efiected by maceration and boil- 
ing. It is more readily separated from the cellu- 
lar substance it covers in the leaf, than in any 
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Other part of the plant ; and for this purpose I 
would recommend to the student the leaf of any 
of the Lily tribe, before the stem shoots up ; or of 
the Lettuce (Lactuca sativa), or that of Sorrel 
(Rumex acetosa) ; but even in these, some of the 
cellular matter is always detached in separating 
it ; and to this circumstance is perhaps to be at- 
tributed the variety of opinions which phytologists 
have advanced regarding its structure. 

The epidermis appears at first of a green co- 
lour on the young stems and branches of almost 
all plants; but it changes to different hues, ac- 
cording to the age of the part it covers. Accord- 
ing to Du Hamel, it is composed of fine, but 
tough fibres, which are interwoven together ; and 
every where interspersed with pores, which per- 
mit the mouths of the absorbing, transpiratory 
and air vessels to open to the atmosphere. Com- 
paretti also describes it as composed of fibres, in- 
terwoven so as to form hexagonal meshes, the 
areas of which are filled up with opaque or dia- 
phanous vesicles, inflated as if extended with 
air or water, and having a small black point in the 
centre. Mr. Bauer, on the contrary, conceives 
the structure to be altogether cellular, and vary- 
ing in different plants*. My own observations 
lead me to adopt the opinion of the el(|er Saussure, 

* Tracts relative to Botany. Lend. 1805 . 
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that the true epidermis is a fine, transparent, un- 
organized pellicle ♦. The pores, by which the in- 
sensible perspiration escapes, are so minute, that 
they are quite invisible, and with difficulty permit 
the passage of air through them. Thus, if an 
apple be put under the receiver of an air-pump, 
and the air withdrawn, the cuticle of the apple 
will be lacerated by the dilatation of the air con- 
tained in the pulp of the fruit. There are oblong 
pores also in the cuticle of herbaceous plants in 
particular, as was first observed by Decandolle, 
who named them cortical pores. The size of these 
is considerably greater than that of the former ; 
and varies in different plants. 

The epidermis seems to be entirely destitute 
of longitudinal vessels. In herbaceous plants, 
and in young and succulent twigs, it is, with a 
few exceptions, colourless and transparent ; the 
apparent colour being produced by that of the 
juices in the cellular substance immediately be- 
neath it, in the same manner as that of tlie hu- 
man cuticle is produced by the colour of the 
capiHary web which it covers, and which is filled 
with different coloured fluids in different races of 
men ; white in the inhabitants of the temperate 
zones, and black, or brown, in those of the torrid 


* Obs, sur VEcorce des Feuilles, 
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regions of the globe * ** . When the epidermis is 
applied very closely to the cellular layer below it, 
which is the case in herbaceous plants, and in the 
young twigs of trees and shrubs, the greater por- 
tion of the light is transmitted through the cuticle, 
and reflected from the cellular layer, and not from 
the substance of the cuticle ; so that the colour of 
the herbaceous stem, or of the twig, is, in this 
case, that of the cellular layer, and not of the 
cuticle itself ; yet in trees and shrubs, which an- 
nually renew the cuticle, as the Plane, the Birch, 
the Currant and many others, the epidermis, when 
it begins to peel off, becomes more opaque and 
does not transmit the light, but reflects it from its 
own surface. Thus the old cuticle of the Plane is 
dark coloured, while the new is of a light green 
hue ; the stem of the Birch, from which layers of 
epidermis are continually peeling off, is white, 
while the young branches are brown ; and the old 
branches of the Currant are dark brown, while 
the young shoots are of a very light green hue. 
In some plants, instead of being thrown off in 

* On pent done concevoir le corps reticulaire comme 

** un systeme capillaire general, entourant Torgane cutane, et 
formant avec les papilles une couche interm^diaire au corioti 
“ et a Tepiderme. Ce systeme ne contient, chez la plupart des 
hommes, que des fluides blancs, Chez les negres, ces duides 
sout noirs. Ils ont une teinte intermediaire chez les nations 
** basanees.” IXichat^ AnaU Gentrale^ tome p. 657« 
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plates, or in layers, the old cuticle is reduced into 
powder. 

Although the epidermis is not cast off from 
all plants in this manner, yet, it is constantly 
renewed ; and, where it remains, the old cuticle 
cracks as the diameter of the stem of the tree, or 
of the branch, increases: it is then gradually 
pushed outwards, and the accumulation of suc- 
cessive layers, in this manner, forms the rugged 
coats which characterize many trees, as the Elm 
and the Oak. This renewal of the epidermis in 
vegetables is similar to what takes place in ani- 
mals. The snake, for example, casts his skin an- 
nually, as do also the crab, the lobster, the spi- 
der and many other insects ; and the cuticle of 
the human body often peels off, particularly after 
some diseases, as scarlet fever for instance, and 
on the application of acrid matters to the skin. 
In animals, however, when destroyed, it is again 
regenerated ; but in vegetables, this occurs on th6 
stems and branches of perennial plants only ; for 
on annual plants, and on the leaf and flower, it 
is not renewed after being destroyed. The ve- 
getable epidermis is capable of extension ; but 
this is less considerable than has been supposed ; 
and as there is a constant renewal, there must be 
a proportional increase or growth of its parts, so 
that it is not simply extended to enable it to cover 
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a greater portion of surface ; but new cuticle is 
added to produce this effect. 

The use of the epidermis is to keep the parts 
beneath it together ; and to regulate the perspira- 
tion and absorption of the plant. It is calculated 
also to defend the parts it covers from humidity; 
for which purpose, it is covered with a waxy secre- 
tion. The powers of the cuticle in regulating these 
functions is fixed according to the nature of the 
plant. In succulent plants, which require much 
moisture to be retained in their leaves, the cuticle 
is so constructed as to assist absorption, but rather 
to prevent transjiiration. Thus, if a leaf of the Aloe 
he cut off, it will remain a very long time, even 
when exposed to the sun’s rays, before it shrivels ; 
but, if in this state it be exposed to damp air, or 
thrown into water, the absorption is so rapid that 
it will regain its original plumpness and size in a 
few hours. A fine proof of that overruling Wisdom 
which fits every thing for the fulfilment of the 
purposes of its creation: for, in this instance, 
the Aloe being a native of a dry arid soil, and a 
warm climate, it could not long exist if the per- 
spiration from the surfaces of its leaves were con- 
siderable, but on the contrary it draws a great deal 
of moisture from the atmosphere by absorption. 
Another use of the epidermis is to prevent the 
destruction of the parts it covers : for, as it is .in 
the vessels o( the inner bark, as I will afterwards 
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demonstrate, that the greatest activity, irritability, 
and degree of vital energy reside, if that part be 
wounded to any considerable extent, so that ibe 
external air gets access to it, exfoliation, and the 
death of the part, and sometimes that of tlie whol<^ 
plant, follow; the cuticle forming, as Sir J. E. 
Smith elegantly expresses it, “ a fine, but essential 
“ barrier between life and destruction 

Mirbel'l' combats the idea of the epidermis 
being a distinct organ, and supposes it to be the 
external layer of the cellular membrane con- 
densed, and altered by exposure to the air and 
light. But abhongfi I admit that the cuticle be 
nearly the same as the parietes of the cellular tissue 
which it covers, yet, it is nevertheless a distinct 
organ. The simple exposure of the cellular mem- 
brane will not form epidermis ; but, on the contrary, 
when the cellular substance is exposed, it is more 
apt to exfoliate ; and when the wound becomes 
healthy, it is then only that cuticle is reproduced. 
During this process the new epidermis proceeds 
from the sides of the wound, gradually extending 
over it, in the same manner as in a wound of the 
human body. The very close connexion of the 
epidermis and the cellular substance can be no 
argument against our opinion ; for, although the 

* Introduction to physiological and systematical Botany^ 
2d edit. p. IB. 

t ElSmens dc Pkys* veget* Fartie, p. 35. 
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flakes of epidermis which are cast off annually 
by the Plane tree, and some other trees, consist 
of cellular substance also, yet, the cuticle is already 
formed under the flakes before they fall, .ud 
therefore it cannot be in these cases produced by 
the action of the air, and light. On examination 
of these flakes, the epidermis appears to be dis- 
tinct from the plate of cellular substance which 
separates with it. Mirbel himself, indeed, is 
obliged to modify his objt'ctiou, and adds. But, 
although the epidermis of vegetables does not 
resemble that of animals, and is certainl' the 
external part of the cellular substance, yet, it is 
no less true that secondary causes modify its 
nature, and it consequently becomes an organ 
the functions of which are very distinct and im- 
portant*. Such a concession is all that can be 
demanded. Tliat the human cuticle is a distinct 
organ has never been denied, and yet we know 
that it is equally without vessels and nerves. On 
the same j)rinciple, therefore, the vegetable epider- 
mis must be admiltcd to be a distinct organ ; and 

* << quoique repidernie des vegetaux nc rcssemble 
‘‘ pas a cclui dcs aiiimaux, ct qu’il soit forme certainement par 
Ja partie exterieure du tissu ccIJulairc, il n’est pas moins vrai 
que des causes secondaires modifient sa nature, ct qu^il 
‘‘ devient par Ic fait un organe dont les fonctions sont tres- 
“ distinctes ct trds-iiiiportantes,” Physiologic vejicialc^ vol. i. 
I). Si). 
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the modifications of it in different plants are more 
numerous than among animals. The illustration 
of these varieties must be deferred, till we come 
to consider the structure of the bark, of which 
the epidermis is usually considered a layer. 

Such are the principal solid components of the 
vegetable body. Other solid matters certainly 
enter into the structure of some plants ; but, as 
those are not common to the vegetable race, they 
cannot be classed amongst the general compo- 
nents. Perhaps, also, all the parts which have 
been examined may be resolved Intt modifications 
of the membranous and cellular textures, which 
might consequently be regarded as the only real 
solid vegetable components; but, although we 
allow that the vessels, ligneous fibre, glands, and 
epidermis most probably are composed of mem- 
branous, or cellular texture, differently modified, 
yet, as each of these parts possesses very distinct 
functions, such a refinement would only throw 
obstacles in our way towards the attainment of 
truth; I have, therefore, considered it preferable 
tp regard them qs distinct components, 
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general fluid components. 

Vegetables, by their vital energy, increase in 
bulk, and augment the quantity of solid matter 
they contain, consequently the principles of the 
solids must be contained in the particular fluids 
which they select and imbibe from the soil ; but 
in what manner the fluids are changed into solids, 
and whether any of the solid matters be taken up 
ready formed, or whether they result from a trans- 
formation eflected solely by the action of the 
vegetable vessels ; are subjects of consideration 
upon which, in the present stage of our inquiries, 
it would be premature to enter. These fluids, 
however, after being absorbed by the roots, enter 
into and fill the cells and ij^ssels of the plant, 
and form a very considerable portion of the bulk 
of the vegetable body. As soon as they enter the 
plant, they constitute its sap, or common juice, 
to the nature of which, as it is one of the general 
components of vegetables, we must now direct 
our attention. 

Were we about to examine the moving powers 
by which the fluids selected from the soil, and 
absorbed by the roots of plants, are carried for- 
ward through the vessels, we would demonstrate 
that although these moving powers operate at all 
times during the life of the vegetable, yet, that 

u 4 * 
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their action is most energetic in spring and at 
midsummer, at which periods, therefore, a much 
greater quantity of fluid is found in the vegetable 
vessels. As, however, the simple examination of 
the sap itself is our present object, it is sufficient 
to state the fact ; and to know that, at these sea- 
sons, when an incision is made through the bark 
and part of the wood of most kinds of trees, or a 
hole is bored in the trunk, a fluid exudes in con- 
siderable quantity. This is the sap, or common 
juice. It is in the same situation, for the purposes 
of the plants, as the chyle of animals is, while it 
is yet in the thoracic duct, and before it is mingled 
with the blood, and exposed in the lungs to be 
fitted for the purposes of the animal. Neither is 
in a proper state for fielding the various secretions, 
and adding, by the process of assimilation, to the 
growth of the plant, or of the animal ; but the 
analogy goes no farther. In the animal, the di- 
gestive powers of the stomach and the action of 
the mesenteric glands so change the food taken 
into it, that no chemical analysis of the chyle 
produced from it could lead to an accurate know- 
ledge of the kind of food, which had been em- 
ployed by the animal ; but, in plants, the food is 
already prepared in the ground before it is ab- 
sorbed by the roots, and, therefore, were it pos- 
sible to obtain the. sap from the vessels veiy near 
to the extremities of the roots, we should be en- 
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abled to discover, with a considerable degree of 
accuracy, the real food of plants ♦. This, how- 
ever, cannot be accomplished ; and as the sap, in 
its progress, dissolves some ready-fofmed 
table matter, which had been deposited at the end 
of the former autumn, in the upper part of the 
root and at the base of the stem, its originiil pro- 
perties are thus altered ; and the farther the part, 
which is bored irt order to procure the sap, is 
from the root, the more vegetable matter this 
fluid is found to contain. This fact was first no- 
ticed by Mr. Knight, who ascertained that, owing 
to this deposition, the wood of the stem, and the 
large branches of trees, have a greater specific 
gravity, and contain more soluble extractive mat- 
ter when cut down in winter, than in spring, or 
early in summer ; on this account, although there 
is reason for believing that the food of almost all 
vegetables is the same, yet, the sap, i« the state in 
which we can obtain it, differs in different species 
of plants ; and, therefore, no just idea can be 
formed of its nature from the most accurate 
analysis of it, when procured from any single 
plant. Were it possible, however, to obtain the 

* It has been supposed that the roots of plants absorb, in- 
discriminately, all the soluble matter contained in the soil on 
which they grow ; but were this the fact, many more sub- 
stances would be found in 'the vegetable body, than have yet 
been discovered in it. * 
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sap comjdetdy free from the peculiar juice of the 
plaot, it would be very probably found nearly the 
sane in all plants. From an examination of it, 
such as it’ can be obtained, we are enabled to 
draw some general conclusions; and by comparing 
the analysis of the sap of many different plants 
together, we discover those components which are 
most frequently present, and consequently form an 
opinion, approximating to the truth, of the real 
nature of the sap. 

When a tree is wounded, in the manner we 
have described, in the spring, it is smd to bleed ; 
and if the wound be considerable, and in the 
principal stem, the tree being thus drained of its 
fluid, soon dies*. Any quantity of sap may be 
collected by this mode of wounding trees, and the 

* When we reflect how early this fact must have been 
known, it is rei^arkable that so little progress has been made 
in developing the power by which the sap is carried forward 
through the plants. Tlie rudest nations are acquainted with 
the fact that trees bleed when wounded ; and from a know- 
ledge of its consequences, the Asiatic nations, in their wars» 
commit the greatest injuries which their opponents can suffer. 
The Palms in Asia being as necessary for supplying the ordi- 
nary food of the natives, as grain is in Europe ; when an 
hostile army enters the territory of an enemy, they cut 
notches with hatchets in all the Palms which they meet with ; 
which occasions the sap, and the other juices of the plants to 
run out ; and the Palms either die,aUogether| or are rendered 
abortive for that^season. 
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less progress vegetation has made, it is obtained 
in a purer state. It should, therefore, be drawn 
very early in the spring, before the leaves expand, 
and as near to the root of the plant as it can ev iiy 
be obtained, if we wish to examine its chemical 
properties. . 

When the sap is thus drawn from a tree, it 
usually appears nearly as colourless and limfud 
as water, has scarcely any taste and no psurticnlar 
odour. A phial containing a certain quantity of 
sap weighs heavier than the same phial, contain- 
ing an equal portion of distilled water ; so that the 
specific gravity of sap is greater than that of 
water. If it be kept for some time in a warm 
place, it undergoes sometimes the acetous, at 
other times the vinous, and in some instances even 
the putrefactive fermentation. These differences 
would indicate a great disparity in the compo- 
nents of the sap of different vegetables ; but there 
is every reason for thinking that they depend more 
on the admixture of the proper juices, which, as I 
have already stated, are always more or less mixed 
with the sap, as we can obtain it ; and it is pi obable, 
that the sap of different plants differs more in the 
proportional quantity of these juiees mixed with it, 
than in the nature of its components. The rapid 
vinous fermentation of some kinds of sap is taken 
advantage of in warm climates for economical 
purposes. From the top of the Cocoa-nut tree 



the natives of India extract the sap, mixed un- 
doubtedly with the proper juice, by making an 
incision with a sharp knife overnig"ht, and suspend- 
ing under it a vessel to receive the fluid as it 
exudes. This liquor, next morning before the 
sun is hot, is a pleasant, mild, cooling beverage ; 
but before evening, it ferments and becomes pow- 
erfully intoxicating. In Ceylon, arrack is distilled 
from this fluid, which is named toddy ; and it, 
also, yields a coarse black sugar, called jaggery. 
As, however, in this case the sap is combined with 
the proper juice of the tree, the extraurd! nary effects 
of the rapid fermentation must, in a great degree, 
be ascribed to it. It is to the same cause also, 
as I before noticed, that we must ascribe the dif- 
ference in different saps, particularly the saccha- 
rine and acid qualities, which they sometimes pre- 
sent even when newly drawn. Tims we are told 
that sugar is extracted in the proportion of ten 
pounds from every two hundred of the sap of the 
Acer succharinum, Sugar Maple. But the sap is so 
mixed with the peculiar secreted juices of the plant, 
when it is drawn from the tree for this purpose, 
that it can scarcely be considered as yielding the 
sugar. According to the observations of Mr. 
Knight, Sap always contains a considerable por- 
tion of air. It, also, differs in its specific gravity 
according to the distance from the root at which 
it is taken, *thc gravity increasing in tlie direct 
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ratio of the distance, which appears in some degree 
to arise from the solution of deposited matter in 
its progress, but, perhaps, more from the transjii- 
ration of the plant throwing off a large proportion 
of the watery part of tlie matter taken up from 
the soil. Such are the sensible qualities of sap ; 
its chemioal properties and composition are dis- 
covered by tests and analysis by heat. I shall firstt 
mention some experiments I made on the sap of 
the Vine, and then detail the results of those made 
on some other saps by Vauquelin a eeleb'^ated 
chemist of the French school. 

On the eighth of April, when the thermometer 
was at 08 % and a few leaves of the Vine, which 
was the subject of experiment, had already ex- 
panded, I cut olf the extremity of the lowest 
of the branches, and introduced the cut end of 
the part which remained fixed to the Vine, into a 
six ounce Apothecaries’ phial. On the following 
morning, about three ounces of a clear, limpid, 
colourless fluid, like watec, was found in it. It 
had no perceptible taste, Except a slight mucila- 
ginous feeling on the tongue ; no odour ; and 
weighed rather heavier than distilled water. On 
pouring a little of the Tincture of Litmus into it, 
it was veiy slightly reddened, thereby indicating 
the presence of an acid *. The oxalic acid almost 

* Dr. Prout, who examined the sap of the Vine, found that 
the specimen which he procured did not differ in specific gravity 
from pure water ; nor did it alter Litmus paper. t 



110 THE SAP. [lECT. III. 

immediately rendered it milky, and threw down a 
white precipitate. The acetate of barytes threw 
down a white docculent precipitate ; and by acetate 
of lead (Goulard’s extract), a white curdy preci- 
pitate was also produced. No change was effected 
on it by the solution of ammonia, nor by that of 
gelatin : nor was any dark hue communicated by 
the sulphate of iron. The addition of alcohol to 
this sap threw down a light flocculent precipitate, 
of a mucous nature. The sulphuric acid added to 
it, occasioned a slight effervescence, and evolved 
the odour of acetous acid. Tiie conclusions which 
may be drawn from these appearances is, that this 
specimen of the sap of the Vine contained acetate of 
potash with perhaps an excess of acid ; carbonate of 
lime, vegetable mucilage, some albuminous matter 
and water. As no effect was produced by the addi> 
tions of the sulphate of iron and the solution of 
gelatin, we conclude that it contained neither tannin 
nor gallic acid, and therefore possessed no astrin- 
gent property : a proof that the sap which wc tried 
was pretty pure, for some of the secreted fluids of 
the Vine are both very acid, and considerably 
astringent, 'fhe small quantity of sap which was 
obtained, owing to the rather advanced state of the 
season, for such an experiment, prevented the pro- 
portions of the different ingredients from being 
ascertained. ' 

M. Vauquelin, as I have already, mentioned, 
made the most interesting experiments, which have. 
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yet, been attempted on sap.* As he does not, how- 
ever, mention the state of the trees, from which the 
sap for his experiments was taken, the result of the 
analyses affords some reason for believing, that the 
sap was not in the purest state. He examineil the 
sap of the Elm, Ulmus campestris, collected to- 
wards the end of April, the beginning of May, and 
the end of May. The result of the first analysis 
was, that 1039 parts of this sap consisted of 
1027*904 of water and volatile matter, 9*240 of 
acetate of potash, 1*060 of vegetable matter, and 
0*796 carbonate of lime. The second analysis of the 
sap collected at the beginning of May afforded a 
greater proportion of vegetable matter, less acetate 
of potash, and also less carbonate of lime : and 
in the third analysis of that collected at the end 
of. May, the quantity of the acetate of potash was 
still more diminished, and also that of the carbonate 
of lime *. In all he found slight traces of sulphate 
and of muriate of potash. From two difierent ana- 
lyses of the sap of the Beech, Fagus sylvatica, 
procured also at different periods of the same 
season, he obtained water, acetate of lime, free 
acetic acid, gallic acid, and tannin, with some 
vegetable extractive and mucous matter -f-. In the 
same manner he examined the sap of the Common 
Hornbeam, Carpinus sylvestris., collected in March 
and April, and found in it, acetate of potash, 

* Annales de Chimie^ t. xxxu p. 21. 

f Ibid. p. 26. 
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acetate of lime, sug'ar, mucilage, vegetable ex- 
tract, and water. In the sap of the Common 
Birch, Betula alba, he found acetate of lime, 
acetate of potash, acetate of alumina, sugai*, vege- 
table extract, and water. In all the specimens thus 
analysed" the quantity of vegetable matter was 
found to be greater in the sap drawn late in the 
season, than in that collected at an earlier period 
of it. 

If we are to consider these results of Vauque- 
lin’s experiments as pointing out the real composi- 
tion of sap, we can gain no information from his 
labours ; as from the results of them we should 
suppose that every dilferent kind of tree must 
have sap of a description peculiar to itself, which, 
both the analogy of the animal kingdom, and the 
knowledge we have of the nature of soils, infoi’m 
us cannot be the case. It is probable that the 
water, the acetate of potash, and the carbonate of 
lime, are taken up from the soil, and enter as general 
constituents into the composition of sap ; but the 
mucilage, the sugar, the extractive, the gallic acid, 
the tannin, &c. are undoubtedly produced by the 
vegetable system itself, and must, therefore, vary 
in different plants. As we shall afterwards find 
that all the productions of the vegetable system 
can be resolved into<!arbon, hydrogen, and oxygen ; 
each production differing in its composition from 
another in the proportion only of its components; 
it is* easy to comprehend that, as from the water 
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the hydrogen and oxygen may be obtained, and the 
carbon from the acetate of potash and carbonate 
of lime ; Vauquelin was authorized in concluding 
that the acetate and carbonate, which are found in 
a diminished quantity in sap drawn at an advanced 
season, may be decomposed by the vital action of 
the growing plant, and the carbon they yield with 
the hydrogen and oxygen go to form the vegetable 
matter. But although the acetates are found in 
soils, yet they are not in any considemble quantity, 
nor sufficient to supply all the carbon wanted for 
the puiposes of plants ; it is, therefore, probable 
that if sap could be examined in its purest state, 
it would be found to consist of water, holding car- 
bonaceous matter in solution, acetate of potash, 
carbonate of lime, and now and then some siliceous 
and aluminous particles, suspended in the so- 
lution, and of sufficient minuteness to enter the 
mouth of the absorbents of the root. It is pro- 
bable, also, that there is little difference in the 
pure sap of all plants ; but as the first changes 
take place undoubtedly in the roots, and the modi- 
fying power of these parts must be different in 
different kinds of plants, the changes which occa- 
sion the varieties of the sap, are sooner produced 
in some plants than in others. On these differences 
of the ascending fluid, however, the secretions 
certainly do not depend ; for, if that ware the case, 
the grafted branch would not bear fruit and leaves, 
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and have secretions deposited in its cells similar to 
those of the parent, but to those of the stock. We 
know, however, that this is not the case ; for, if the 
branch of a Pear-tree be engrafted on an Apple-tree, 
the Pear branch will produce leaves, flowers, and 
fruit, and have the new wood formed on it exactly 
the same as the Pear-tree from which it was cut, 
although the fii*st modifications of the nutriment 
imbibed by the roots of the Apple stock are dif- 
ferent from those of the parent Pear : but as soon 
as it arrives at the secreting organs of the Pear 
branch the alterations it undergoes are exactly the 
same as if the branch had remained attached to its 
parent stem ; and consequently the wood, leaves, 
flowers and fruit, will have the characteristics of 
its original. 

' The modifications which take place in the roots 
of plants, throw considerable obstacles in the way 
of obtaining a perfect knowledge of this part of 
the vegetable economy; for, to obtain such a 
knowledge of the nature of sap would require an 
examination of that fluid in a greater number of 
different species of plants, than the opportunities, 
and the period of any life, permit. All that we 
can aim at, therefore, in the present state of 
our knowledge, is the formation of a probable 
hypothesis, rather than the attainment of truth 
deduced fr6m certain experiments. In this mode 
of viewing the subject, we may regard the sap 
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of plants as consisting of water which is its prin- 
cipal component, carbonaceous matter, acetate of 
potash, and carbonate of lime*; which ingredients 
are decomposed by the vital powers of plants, and 
new combinations of their constituents produced 
by the same powers, so as to form the different 
parts of which a plant consists. The large portion 
of vegetable matter contained in the first sap, as 
we have already noticed, must have been previ- 
ously deposited in the cells of the root, and taken 
up by the water of the sap in its progress upwards : 
and air which is also found in sap, as Mr. Knight 
has demonstrated, is either the produce of vege- 
tation, or is taken in by the roots dissolved in the 
water of the soil-f-. 

Such is the nature of the sap. In spring and at 
midsummer it forms a large portion of the vegetable 
body ; and is carried forwards through the vessels, 
with an impetus sufficient to raise it to the summits 
of the highest trees, until arriving at the leaves, in 

* The enumeration of these ingredients as the general com* 
ponents of sap, cannot be objected to because many other 
saline and earthy matters are occasionally found in sap ; those 
depending altogether on local circumstances affecting the soil. 

f Sir H. Davy, in his Lectures on Agriculture, has adopted 
the opinion of Feburier, that the sap is found in two states ; one 
kind in the vessels of the alburnum, containing chiefly saccha* 
rine matter, mucus and albuminous matter, and another in the 
bark, containing tannin and extract ; but I ain not inclined to 
regard any juice found in the bark as ascending sap ; and, there- 
fore, cannot subscribe to this opinion. 

I 2 
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which it is exposed to the action of the air, and 
light, the great quantity of water it contains be- 
comes no longer necessary, and is thrown off by 
perspiration ; whilst the succus proprim^ or pecu- 
liar juice of the plant, from which all its secretions 
are formed, is produced by the changes resulting 
chiefly from this exposure. We have, therefore, 
next to proceed to examine the nature of this pe- 
culiar juice, as one of the general components of 
plants. 

GENERAL FLUID COMPONENTS — THE PROPER JUICE. 

I should be anticipating the inquiries we have 
to make into the physiology of leaves, were I now 
to attempt to explain to you how the sap is con- 
veyed into these organs, to be exposed to the action 
of light and air ; or, by what means those changes 
are effected in them, by wbieh it is converted into 
the proper juice, succus proprius : at present we 
have to examine this fluid merely as a general 
component. It is, however, necessary to remark, 
that although we may admit with Malpighi that 
the proper juice is to the vegetable system, what 
the blood is to the animal, yet, the functions by 
which it is prepared from the sap must be modified 
in difierent kinds of plants, since it exhibits some 
peculiar characteristics in each kind. 

When a plant is cut through transversely, the 
proper juice is seen issuing from both divided sur- 
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faces, but in greatest quantity from the open ori- 
fices of the divided vessels in the part farthest from 
•the root; a fact which is ascribable to the progres- 
sion of the proper juice being invertedly to that of 
the sap, or from the leaves towards the roots. It is 
very often mixed with sap, and cannot be distin- 
guished from it by colour ; but in many instances 
it is coloured or milky. Thus, if a twig of any of 
the species of Spurge (Euphorbia) be cut, the proper 
juice issues from the wound in the form of a 
resinous milky emulsion, and may be obtained in 
considerable quantity. This juice in the majority of 
plants is, as I have said, colourless ; it is, however, 
yellow in some, as in the Celandin^(Chelidonium); 
led in others, as in the Bloody Dock (Rumex^an- 
guinea) and the Logwood tree (Hsematoxylon) ; 
deep orange in the Artichoke (Cynara Scolymus ) ; 
white, as in the Spurges (Euphorbia), the Dande- 
lion (Leontodon Taraxacum), the Fig (Ficus), 
&c. ; blue in the root of Pimpeniell (Pimpinella 
nigra); and green in the Periwinkle (Vinca). The 
colour is sometimes changed by the exposure of the 
exuded juice to the air. Thus Opium, which is 
the proper juice of the white Poppy, is white and 
milky when it exudes from the incisions made in 
the plant for the purpose of obtaining it; but 
changes to a yelloMUsh brown hue by exposure to 
the air. The plantule also of the French or Ha- 
ricot Bean, \vhen wounded, emits a reddish proper 

1 3 > 



118 GENERAL tLUID COMPONENTS. [lECT. 111. 

juice, which after being exposed to the air for a 
short time assumes a deep indigo blue tint : and 
the juice which exudes from incisions in the leaves 
of the Soccotrine Aloe, yields, by simple exposure, 
according to the statement of M . Fabroni, a veiy 
deep and lively purple dye, so permanent, and re- 
sisting so completely the action of acids, alkalies, 
and oxygen gas, that he thinks it may be used as 
a pigment in miniature painting ; or as a dye for 
silk, which it will effect without the use of any 
mordaunt*. 

It is necessary to mention that Mirbel, and 
some other Botanists, have fallen into an error, in 
confounding ti^ether the proper juice, and the 
secretions of plants. It is from the proper juice 
that the secretions are formed ; but it must un- 
dergo another elaboration, something similar to 
that which the blood of animals undergoes in their 
glands, before it is changed into the different se- 
cretions ; and assimilated into the substance of 
the plant. Thus, both essential and aromatic oils 
are found in some parts of the same plant ; muci- 
lage, resin, tannin, extract, acids and alkalies, and 
even silica, in other parts ; but these various pro- 
ductions cannot be considered as the proper juice : 
they are secretions formed from it. The proper 
juice of plants is, therefore, “ that changed state of 


* Monthly Mug* 1798. 
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“ the sap, after it has been exposed to the air, and 
“ light, in the leaf, and is returning from it to 
“ form the different secretions.” Tlie organs by 
which the secretion is performed are probably 
glands, which we have already endeavoured to 
prove exist in vegetables ; and the secreted fluids 
themselves are deposited in cells in different parts 
of the plant, particularly in the bark, and the 
roots ; these parts acquiring different medical vir- 
tues, from the matters thus lodged in them. 

It is almost as impossible to obtain the proper 
juice of plants free from sap, as it is to procure 
the sap free from the proper juice ; this, hov. ever, 
in the season in which it can be obtained in most 
abundance, is not so liable to be diluted or mixed 
.vith sap as at other times ; and therefore it is in 
the warmest times in summer, that it ought to be 
taken for the purpose of examining its properties* 
Some naturalists have, rather fancifully, drawn a 
very close analogy between it and the blood of 
animals. Thus Rafn, with a microscope magnifying 
135 times, supposed that he could detect round 
globules, resembling the red globules of the blood, 
swimming in a clear fluid, in the juice of Euphorbia 
palustris; and Fontana thought he observed them 
in the sap of Rhus toxicodendron. But such obser- 
vations, which are often the effect of optical decep- 
tion, are of . little value, even admitting their va- 
lidity, in a physiological point of view. In an 

I 4 
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accurate examination of the proper juice of plants, 
Mons. Chaptal found that in no two kinds of plants 
does it agree as far as its sensible qualities are con- 
sidered ; but as it is in the leaf that the change from 
sap into the proper Juice occurs, so its sensible 
qualities are modified according to the action 
which takes place in that organ; and that this 
should dilFer is not surprising if we consider the 
great difference of the structure of leaves. In one 
particular, however, Chaptal found that all the 
specimens he examined agreed. When he poured 
into them oxygenated muriatic acid, a very con- 
siderable white precipitate fell do^vn ; which had 
the appearance of fine starch, when washed and 
dried, and did not change when kept for a length 
of time. It was insoluble in water, and was not af- 
fected by alkalies. Two thirds of it were dissolved in 
heated alcohol ; and these were evidently resinous, 
as they were again precipitated from the spiritous 
solvent by water. The third part, which continued 
insoluble in both alcohol and water, was found 
by Chaptal to possess all the properties of the 
ligneous fibre. In the seed lobes a greater quan- 
tity of this woody fibre was found than in the 
proper juice of the plant itself; a fact which ac- 
counts for the rapid growth and increase of parts 
of the young plant, before the roots are able to 
take up from the earth the principles of nutriment. 
The proper juices of plants, both in the seed, and 
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in the perfected plant, contain nourishment al- 
ready properly adapted to be immediately assi- 
milated into the substance of the plant. But this 
preparation takes place, either during the time, or 
after, the sap has been exposed to the action the 
light and air in the leaf; as no woody fibre is 
found in the ascending sap, although the prin- 
ciples of it are undoubtedly contained in that fluid. 
A new chemical combination of these principles 
takes place ; but how this is effected, or by what 
means the change is produced, we know not ; and 
it is one of those mysteries of nature from which 
human ingenuity will never perhaps be able to 
remove the veil. In the same manner the blood 
of animals contains the components of the mus- 
cular fibres already formed ; and an assimilation 
of it is constantly going on, without our being able 
to perceive it, or even to form the most distant 
conception of the manner in which it is performed. 

The elementary principles of the proper juice 
of plants and of the sap are the same ; but differ 
in the relative proportions. These principles are 
carbon, hydrogen, and oxygen. The same prin- 
ciples, differently modified, form all the secretions 
and the solid materials of the plant itself. The 
extraneous ingredients which some plants are 
found to contain, as part of their substance, such 
as the alkaline and neutral salts, igetallic oxyds, 
silex and other earths, are probably obteuned ready 
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formed in the soil, in a state of division sufficiently 
minute to be suspended in water, and drunk in by 
the absorbent vessels of the roots. This is in some 
degree proved by the effect of change of situation 
on plants which naturally grow near the sea. 
Most of these plants, when burned, yield soda; 
but, when they are removed from the sea-shore, 
and cultivated in an inland situation, potash in- 
stead of soda is procured from their ashes. 

As the sap undergoes the same exposure to the 
air and light in all plants, and one product only 
can be formed in each plant by this exposure, the 
difference of the proper juice in diftere it plants, is 
a strong argument in favour of the existence of 
vegetable glands, independent of the undeniable 
proof afforded by the formation of the very dif- 
ferent products, which are deposited in different 
parts of the same plant. Unless there were glan- 
dulai' organs, one product only could be produced 
in each plant by the function of the leaves, and the 
action of light and of air on the sap. The secre- 
tions of plants formed from the proper juice are 
very numerous, and known under the names of 
gwm, fecula or starch, sugar, gluten, albumen, 
gelatin, caoutchouc, wax, Jixed oil, volatile oil, 
camphor, resin, gum resin, balsam, extract, tan- 
nin, a(Ms, aroma, the bitter, the acrid and the 
narcotic prinpiples, and ligneous fibre. These are 
found in different parts of plants without any uni- 
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formity of distribution ; and although so nume- 
rous and different from each other in their sen- 
sible qualities and chemical properties, yet are they 
all composed of different modifications of the same 
principles, carbon, hydrogen, and oxygen, '.’’hus 
100 parts of gum, according to the experiments 
of Gay Lussac and Thcnard *, consist of 
42.23 of carbon, 

6.93 of hydrogen, and 
50.84 of oxygen, the oxygen and hydrogen 

being nearly in the same relative 

100.00 proportions as they are contained 

in water. 

100 parts of common resin consist of 
75.944 of carbon, 

15,156 of a combination of oxygen and hy- 
drogen in the same proportions as 
they exist in water, and 
8.900 of hydrogen in excess. 

100 . 

100 parts of olive oil consist of 
77.213 of carbon, 

10.712 oxygen and hydrogen, as in water, and 
12.075 of hydrogen in excess. 

100 . 


* Reclterches phyiico’chimiques, t. H. p. 290 . 
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The solids, also, except the earths and salts, 
are formed from the same principles : 100 paits of 
the ligneous fibre of the Beech and the Oak, for 
example, consisting of 

Bcecb. Oak. 

Carbon 51.45 . . . . 52.53 

Oxygen 42,73 . . . . 41.78 

Hydrogen 5.82 .... 5.69 

100.00 100.00 * 

and thus almost the whole of vegetable matter 
may be resolved into these three simple elements. 

Such are the general components of vegetables. 
The investigation of them is yet in its commence- 
ment only, and much must be done before their 
real properties be fully understood. It is requisite 
that the student keep them constantly in view, 
for otherwise much of the more detailed part of 
our subject will appear obscure and confused. 

^ Recherches physico^chimiqueSf t. ii. p. 294. Thomsons 
Chemistry^ fifth edition^ vol. iv. p. 185. 
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LECTURE IV. 

VEGETABLE ORGANIZATION. — ^THE ROOT — ITS SITUA- 
TION, SPECIES, AND VARIETIES' — DIRECTION AND 
DURATION. 

Having endeavoured to give you some idea of the 
general components of the vegetable body, I have 
now to describe to you the organs formed by the 
combination of these constituents. 

Every plant, as I have already stated, possesses 
two sets of organs. One of these is intended 
merely for the growth and preservation of the in- 
dividual ; the other for the propagation, and, con- 
sequently, the continuation of the species: — or 
all plants are endowed isith conservative and re- 
productive organs. 

If we dig up a tree or a shrub in the summer, 
when it is in flower, and some of the fruit is al- 
ready formed, an Orange-tree for example, which 
bears flowers and fruit at the same time, we have, 
in one plant, a complete display of these parts. 
In the first set are comprehended the root, the 
trunk, the branches, and the leaves, with their 
appendages ; in the second, the flower and the 
fruit, with their appendages. Many.phytologist8 
regard those species of plants only, which possess 
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all, or the greater part of these organs, as perfect : 
ai^d those in which some of the more conspicuous 
of either kind are not present, or are apparently 
deficient, as imperfect. But we need not hesitate 
in pronouncing this opinion erroneous ; for, as the 
perfection of a plant consists in the power of its 
organs to cany on its functions, and to continue 
the species, individuals only can be imperfect. 

The different organs, in whatever manner they 
are present, assume a considerable variety of form ; 
and as it is on that variation that Botanists have 
founded specific distinctions ; and as it is of im- 
portance in a physiological point of view also, the 
student ought to make himself well acquainted 
with the distinguishing characteristics which it 
constitutes. In examining these, the best method 
is to take the organs in the order in which they 
have been enumerated : let us, therefore, com- 
mence with the CONSERVATIVE. 

a. The boot (Radix) is defined by Linnaeus 
to be that part of a plant which imbibes its nu- 
triment, producing the herbaceous part and the 
fructification ; and which consists of a caudex, or 
body, and radicles *. Simple as this definition ap- 
pears to be, it is, nevertheless, objectionable, inas- 

* “ Radix alimentum hauriens, herbamque cum fructifica- 
“ tione producens, componitur medulla, libro, cortice; constat* 

« que caudice et radicula." Phil. Botanica. 
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much as many succulent plants in arid situations 
do not receive their nutriment by the root ; nor is 
the root the nutritious organ in the tribes named 
Hepaticae Confervae -f* * * § , and Fuci § ; in all of 
which it can he regarded as an attaching organ 
only, designed to secure the individual to the soil, 
or to the substance on which it is fixed. A less 
exceptionable definition is that adopted by Mr. 
Keith, which characterizes the root as “ that part 
“ of the plant by which it attaches itself to the soil 
“ in which it grows, or to the substance on which 
“ it feeds, and is the principal organ of nutrition ||.” 
It might be stated, as an objection to this defini- 
tion, that plants exist which have roots, and, yet, 
are not fixed by them either to the soil or to 
any other substance ; as for example. Duckweed 
(Lemna), a small green lenticular plant, which 
floats abundantly on the surface of our stagnant 
pools in summer, and has unattached roots which 
hang perpendicularly loose in the water. But all 
plants are at first attached ; and as it is impossible 
to frame any definition to which no exception 

* A tribe of small herbaceous plants resembling the Mosses 

found in damp shaded places. 

f An aquatic genus, consisting of fibrous, or threadlike 
jointed and branched parts, closely matted together. 

§ Marine plants of various forms attached to rocks and 
stones. , 

II System of physiological Botany, vol. i. p. 33. 
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could be advanced, this “ is perliaps,” as Mr. 
Keith remarks, “ as comprehensive as any one 
“ that can be given.” 

In all plants the primary root is a simple elon- 
gation of that part which, during the germina- 
tion of the seed, is first protruded, and is deno- 
minated the radicle ; but as the plant continues 
to grow, the root gradually assumes a determinate 
form and structure, which differs materially in 
different plants, but is found always similar in all 
the individuals of the same species. Botanists have 
taken advantage of tliis fad, and ha^e classed 
roots according to their forms, as seen in the 
adult, or fully grown root ; and have availed 
themselves of these diversities for fixing specific 
distinctions. The classification of x'oots, which I 
have ventured to arrange, differs fi’om that which 
is usually found in works on the elements of Bo- 
tany ; but it is one which, I trust, will enable you 
to form accurate ideas regarding the structure and 
functions of these important organs. Before, how- 
ever, entering upon the consideration of it, you 
ought to be informed that every root, whatever 
may be its form, consists of two dist'net parts, the 
body, caudex, and the rootlet, radicula. The main 
part of the root, caudex in trees and plants that 

* Caudex descendens sub terra sensim subducit, et radicu- 
las profert, a Botanicis ex varia structura variis nominibus 
distinctus.” PhiL Bot, § 80 , 
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live for several yeais, is in general woody, and is 
to the other parts what the trunk or stem is to the 
branches and leaves ; enlarging progressively in a 
similar manner, and giving off lateral branching 
shoots, which spread horizontally, or in a direc- 
tion that forms nearly a right angle with the 
caudex. In those plants, however, the herbace- 
ous part of which dies annually whilst the root 
survives, and in nmny annuals, the cajidex is 
also a reservoir of nAriment, which is intended 
for the renewal of the herbaceous part in the fol- 
lowing season, or to be expended in pei-fecting the 
flower and the seed. The rootlets, radiculce * * * § , are 
small, or threadlike productions of the caudex, 
terminating in ^hrils, which are extremely mi- 
nute, the real absorbing organs. of the root; and 
are supposed by Du Hamel -I", Willdenow Sir 
E. J. Smith § and others, to die annually in the au- 
tumn with the foliage, and to be reproduced in 
the spring ; an opinion which Mr. Knight j| re- 
gards as incorrect, as far at least as concerns the 
terminal fibres of woody plants. My own ex- 

* “ Radiada est pars radicis fibrosa* in quam terminatur 
caudex descendens, et qua radix nutrimentum haurit pro 
vegetabilis sustentatione.*’ Phil. Dot. § 80. 

f Phys, des Arh. liv. i. chap. v. ^ 

X Principles of Botany y } 11. 

§ Introduction^ to physical and systematical Bpianyy p. 104. 
i! Phil. Trans. 1809. 
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perience and observations, however, lead me to 
believe that, even in woody plants, the fibrils are 
annual productions. 

Every root may be arranged under one of the 
three following classes, i. Simple Roots ; ii. 
Branched Roots ; ii;. Articulated Roots. 

i. The Simple Root consists either of a single 
caudex furnished with fibrils only, or of one or 
more rootlets with fibrils*. Considered as a genus, 
it comprehends three specie!, the conical, the suh- 
g lobular, and the Jihrous. 

1. The Conical root (Radix conicaj (fig. a) is a 
a. tapering caudex furnished with lateral 
fibrils, which are situated chiefly towards 
its smaller extremity. It is generally a 
reservoir of nutritious matter whicli is pre- 
pared in the leaves, and is the proper juice 
of the plant, to be exhausted in the pro- 
duction of the flower and the seed. The 
change which takes place at the flowering 
season in culinary roots of this descrip- 
tion, as for example, in the f^ari-ot, is 
rendered ^ery evident; by the nutritious 
matter it contains becoming less saccha- 
rine, diminishing in quantity, and the 
whole root atiquiring a woody consistence. 
The wedgelike form of the conical root seems to 

\ * 

* Simplex qu« non subdividitur,” PhiL Bot. § 80 . b. S- 
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be particularly well adapted for penetrating per- 
pendicularly into the ground ; but that this is not 
the sole intention of nature in giving it tliis form 
would appear from the fact, that the direction of 
some conical roots is horizontal ; as, for example, 
the Blood Root, Sanguinaria Canadensis*, a North 
American plant, which is conical, truncated, and 
horizontal ; the root forming a right angle nearly 
with the stem. The roots of the Carrot, Daucus 
carota; the Parsnip, Pastinaca sativa ; the Horse- 
b. radish, Cochlearia Armoracia % and the 
Dandelion, Leontodon Taraxacum ; are 
familiar examples of the conical root. The 
following may be regarded as its vari- 
eties. 

a. The Spindle-shaped root (Radix 
fusif(rrmis\-) (fig. h) differs from the real 
conical roof only, in not’ tapering equally 
throughout its length, but swelling out 
a little below its summit, like the spindle 
or wooden pin employed by ancient ma- 
trons in forming the thread, which they 
drew from the flax wrapped round the 
distaff; whence its name. Like the pro- 
per cpnical root, it is a i*eservoir of nu- 

* VegelaUe Mat. Med. of the United States, p. 31. 
t Fmiformis quae oblonga, crassa, attenuata : ut Daucui^ 
“ Pastinaca*^ PUU Bot. § 80. This is the definition rather of 
the conical root than of the spindle-shaped. 

• K 2 • 
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tritiom seemed matter; and by its shape, it is 
wett calculated to penetrate the ground. The Ra- 
dish, Rapiianus#tf*Vtt.v; and the Beet, Beta vul- 
garis ; are the best examples of this form of root. 
h. The Abrupt or truncated root (Radix: 
c. preemorsa *J (fig. c ) is on-- 

ginally an entire conical root ; 
but after some time the low^er 
extremity decays and drops, 
as if it had been bitten off, 
while numerous lateral rootlets 
are protruded from the remain- 
ing portion. Such is the case 
in the root of the larger Planr 
tain, Plantago major, and in 
that of Scabiosa succisa, which, according to, 
Gerarde-f-, received its common appellation 
Devil’s Bite, Moi-sus JHaboli (fig. c), from a su- 
perstitious opinion connected with this appear- 
ance of the root. 

A curious modification of the Abrupt root 

• 

* “ Prtemorsa^ quae deorsum tmpciita est, me attenuate 
apice terminatur ; ut Scabiosa^ Plantago^ Valeriana.*' Phil. 
BoU J 80. 9. . 

f The old herbalist’s words are, “ The greater part of the 
root seemeth to be bitten away : old fantasticke charmers re- 
port, that the devil did bite it for envife, because it is an herbe 
that hath so xqany good vertues, and is so beneficial to man- 
** kinde.*' Vide Herbal, p. 726. 




LBCT. IV.] THB ROOT. 133 

which occurs in a few herbaceous plants, and 
which has misled some Botanists to describe it 
erroneously in these instances, as an articulated 
or scaly jointed root, depends on the folio' :ag 
circumstance, which was first noticed and de- 
scribed by Dr. Grew*. In the Primrose, Pri- 
mula veris, for example, the root , is abrupt ; 
but as the lower leaves of the plant annually decay 
and fall, they leave a small portion of their basis 
d. at the place of their 

attachment^ which 
swells and becomes 
more succulent, ; and 
the plant sinking in 
.the ground, lateral fi- 
bres are protruded 
above each of these 
portions ; so that the 
buried part of the I’oot, 
owing to a similar de- 
cay and sinking annu- 
ally taking place, gra- 
dually assumes the 
character of a long 
caudex, and the whole 
bears a strong resem- 
blance to a notched 
or articulated root. See (fig. d.) a. the present year’s 

• Anatomy nf Plants. 

K 3 
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foliage ; h. the remains of last year's, with a 
rootlet protruded above it; c. c. bases of old leaves 
converted into firm toothlike scales or processes ; 
d. the decayed, or truncated root. The cause, 
of this decay of the lower extremity of some 
conical i-oots shall be explained, when treating 
of the physiology of these organs. • 

2. The Subglobular root (Radix .suhrotunda) 
is au almost spherical caudex, terminating in one 
or more small tapering points. Like the conical 
root, it is^a reservoir of niitritio is matter intended 
for the production of the flower and seed. The 
liest example of it is the black Radish, Ra- 
phanus sativus, var. B. niger. There arc two va- 
riet'w^ of the subglobular root : 

a. The Turnip-shaped root 
(Radix v(tpifbmii^) (hg. e) is a 
caudex, the shape of which is the 
intermediate of the spindle- 
shaped and the subglobular roots, 
bellying out suddenly above, and 
teraiinatingbelowin along taper- 
ing point furnished with fibrils. 
It is scarcely necessary to quote 
the Turnip, Brassica Rapa, as 
an example. 
h. The Flattened subglobular root (Radix 
placentiformifi) has the appearance of a globular 
caudex which is compressed both above and be- 
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low. It has not the tapering point of the two 
former, Jl)ut a number of long fibrils which hang 
from the centre of the lower depression. The 
Sow-bread, Cyclamen europceum (6g.J'), which 

is an exaipple of this 
root, does not attain its de- 
cisive character in the first 
• 

year of its growth ; and al- 
though a reservoir of nu- 
triment, yet it is not ex- 
hausted in perfecting the 
flower and fruit, but con- 
tinues to increase lor .se- 
veral years. 

The nutriment which is deposited iii the cau- 
djces of all these species of the simple root, is not 
that which, is directly absorbed from the soil by 
the fibrils ; but the proper juice of the plant, pre- 
pared from the sap exposed to the action of the 
light and air in the leaves. The necessity of a 
luxuriant and healthy state of the hei'baceous part 
of the plant, therefore, for increasing the quantity 
of nutritious matter in the simple roots, which are 
'cultivated for food, is very obvious. It may be 
thought that the practice pursued to produce earlier 
and larger Radishes, “ which is by sowing them.in 
“ hot-beds in the early spring, and exposing the 
“ tops to the cold air during the day, as this pre- 
“ vents the luxuriant growth of the summit, and 
* K 4 
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“ increases that of the root*,^’ militates against this 
opinion : but it may be answei’ed, thait by exposing 
the tops to the cold air, whilst the fibrils of the 
roots are in a state of activity, the functions of 
the leaves are not altogether suspended ; and the 
only difference produced by the diminished tempe- 
rature moderating their action, is, that less'of the 
* 

watery part of the sap being thrown off during its 
exposure in the leaves, the proper juice is conse- 
quently moi'e abundant because it contains more 
water. It is still, however, proper juice, and is 
conveyed from the leaves into the caudex, which is 
necessarily enlarged ; but it is less perfectly formed, 
and the root as an article of food wants its proper 
flavour. 

That tlie fibrils are the principal absorbing 
parts of the roots we have just examined,, is evi- 
dent ; for, by 'merely placing the extremity or 
tapering point of a Turnip covered with its fibrils 
in water, the herbaceous part continues to grow 
and put forth fresh leaves, which does not happen 
if the caudex only be surrounded with water, and 
the point kept dry.' It is owing to this circum- 
stance, also, that Turnips and similar roots thrive 
and enlarge, although nearly the whole of the- 
caudex be above the surface of the ground. . 

3. The Fibrous root (Bjadix Jibrosa) consists 
of rootlets pnly, which convey the nutriment ab- 


^ Darivin*s Ph^tologia^ sect. xvii. 1.^ 
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sorbed by their fibrils directly to the basis of .the 
stem 'and leaves, or into what is termed a bulb. 
Besides the hulh, which has a close analogy to 
buds, all plants, also, that have those underground 
organs for reproducing or rather continuing the 
species, which ha^^ been named tubers, have 
fibi'ous roots; and although Linnaeus has fallen 
into the error as tar as regards the tuber-bearing 
roots and the mistake concerning both them and 
bulbs continues to be repeated in Botanical works, 
yet, it is not the lest incorrect to regard these organs 
as roots, which, as I shall afterwards explain to you, 
are merely appendages to some fibrous rootcj ; and 
thence the terms Bulbiferous root, Tuberiferous 
root, should be substituted for Bulbous root. Tuber- 
ous root. In the bulbiferous roots the rootlets are 
attached to the basis of the bulb, either directly 
or by the intervention of a radicle plate -f- ; in the 
tuberiferous they proceed from the basis of the 

* Linnaeus defines tlieoi thus: “ Tubcrosa (radix) quae sub- 

rotundis constat corporibus in fasciculum collectis ; Pceonia, 

“ Hemerocallisy HeliunilhiSf Solafium, Filipendula.^' Phil. Dot. 

§ SO. 6. 

f The terra Bulbiferous root has already been adopted by 
Mirbel, who thus defines it ; Nous devons Entendre par ra- 
“ cines bulbiferes, des tubercules minces, ^largis en plateau dont 
la surface infcrieure produit des filets radicaux, et dont la 

** surface «up6rjeure porte un ognon, ou btilbe.* * * § ** Elm. de Phys. 
'of get. t. i, p, 91. ’ 
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Stem OT the herbaceous part of the plant, and are 
generally above the tubers, to which they are not 
attached. It is necessary to remark that, in 
some instances, both in the bulb and the tuber- 
bearing roots, the rootlets are unsupplied with 
fibrils, performing themselves the functions of these 
organs; and, like them, they annually decay with 
'the foliage i^ the autumn, to be renewed 

with it in the spring. 
The majority of annual 
plants and many Grasses, 
=is, for example the Sea 
Canary Grass, Phalaris 
arenitria (fig. g), have 
fibrous roots. The fol- 
lowing arc varieties of 

the fibrous root. 

a. The Mlifbrm root (Radix filiforttm) is com- 
. posed of distinct and separate threadlike rootlets, 

as in Duckweed, Lemna. 

b. The Capillary root (Radix capillaris) (fig. 

h. h) consists of many very fine 

fibres, as in Sheep’s Fescue- 
grass, Festuca mina, and many 
other Grasses. You will find, in 
works on Elementary Botany, 
the Tufted root (R. cortiosa) de- 
scribed as a ‘modification of 
. the Capillary root; but it is, correctly speaking, 



g’ 
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not a fibrous root, the hairlike tufts of which it 
consists being attached to a caudex which fixes 
the character of tlie root. The male Fern, Aspi- 
dium Filix mas, affords a good example of the 
tufted or cespitose root. 

c. The Fifniliform or cordlike root (Radix 
Juniliformis) is formed of thick fibres resembling 
cords more or less fine, generally simple, but 
sometimes slightly ramified. In the Palms which 
have roots of this deSv.ription, the cords arc very 
strong and diverging, so as to take a firm hold of 
the ground and maintain the per{)eii-]icularity of 
the plant, a circumstance of great iniportauce to 
this tribe of vegetables, many of which are simj)le ' 
jolumns rising more than a hund"ed feet in height, 
ami bearing the whole weight of k,iteir magnificent 
foliage at the summit. The succulent plants of 
tropical climates also, which obtmn the greater 
part of their support by the absorbing organs of 
the leaves^ and stems attracting the moisture of 
the atmosphere, have funiliform roots, the chief 
use of which is to rivet them down to the soil, and 
secure their stability. 

ii. The Branched root (Radix raniosa) con- 
sists of a caudex or main root, divided into lateral 
branches*, which* are again subdivided and ulti- 

* “ RamsaqwB in latcrales ranios dividitur.’’ Phil. Bot. 

§ « 0 . 
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inately termiftate in absorbing fibrils ; so that the 

root in its di- 
visions resem- 
bles the stem 
and branches 
inverted (fig- 
i). This form 
of root is the 
most general 
being that of 

all trees and 
« 

shnibs, and al- 
so ot many her- 
baceous plants; 
for examplejE- 
1 e c a m p a a e, 
Inula Helmium, and ^neka, Polygala senega. 
The following are the only species : 

1. The Branched root (Radix i%mosa), as 
described nnder the genus. 

2. The Toothed root (Radix ' dxntata) (fig. A), 

h. which is a fleshy caudex with 

short branches and teethlike 
prolongations^ as in Ophrys co~ 
rallo7'hiztt. 

•i 

iii. Articulated or 

Jointed root (Radix articu- 
lata) is apparently formed of distinct pieces 
united, as if one piece grew out of another, so as 
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to form' a connected whole, with rootlets pro- 
ceeding from each joint. The articulations are in 
some instances kneed ; in others they resemble 
nodules or beads. 

The following may be considered species of the 
jointed root : 

1 . The Simple Articulated root, when the pieces 

/. of which it is 

composed are 
attached .lon- 
gitudinally, or 
nearly so, as 
in Wild Gin- 
ger, 4i^arum 
Canadense{fi^. 

0 - 

2. The Kneed root (Radix gemculata) has some 

I*. of the articulations form- 

ing a knee ; as in Hedge 
Hy 880 [>, Gratiola offici- 
nalis : and Solomon’s 
Seal, Convallaria polp- 
gonatum ^fig. /*), which 
is, besid^, a bulbife- 
Tous root, and truncated 
in such a peculiar man- 
ner at the points of de- 
tachment 0* the annuid 

stems, as to -have given rise to its vulgar name ; 
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the cicatrizations bearing a fancied resemblance 
to impressions of a seal. 

i a. The Contorted root (Radix contorta), al- 
though it cannot strictly be r^rded as an articu- 
lated root, yet, it may be dtuBsed with propriety 

as a modifica- 
tion or variety 
of the kneed 
root. TheBistort, 
Polygonum Bis^ 
torta (fig*' »w), 
affords the best 
example of-it, the 
name of the plant 
having origi nated 

in the double turn wh^h the root takes. The 
caudex of the root, which is perennial, iS a re- 
servoir of nutriment for the annual renewal 
of the herbage. « 

3. The Necklttce-like root (Radix moniliformis) 
(fig. n) is an articulated 
root with nodular joints, 
united together so as to 

resemble beads in a neck- 
♦ 

. lace ; as in Tall Meadow 
Oat, Avena elatwr nodosa. 

Such are the gen^l forms of roots, und the 
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names by which they are known to Botanists ; and 
under one or other of these species, with very few 
exceptions, every variety of root may be classed. 
One exc€j)tion only is necessary^ to be particularly 
noticed as it refers to a root; which is freqi^ntly 
improperly quoted by elementary authors as an 
extoiple of a root bearing pendulous tubers like 
the Potatoe; although, in fact, it is merely a 
conical root with thick lateral rootlets swelled, near 
the extremity of each, into a Halid npdiile. This 
fqrm of root is tha Radix Jilipendula of authors ; 
as exempli^ed in the root &i Common Dropwort, 
Spirea filipmdula (fig. o), which is in strict 


o. 



language a nodose root, the tub^ or knobs being 
perepnial, actually parts of the root, and res^vmrs 
of nutriment for the use of the plan’ itself, pro^ 
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bably, as has been suggested, to enable it to resist 
drought ; and not at all resembling the tubers of 
the Potatoe and other similar tuberiferous roots, 
which are annual productions; and, as 1 ghall pre- 
sently explain to you; belong nearly as much to the 
stem as to the root. 

Having finished the observations I had to offer 
on the external characters of roots, our next ob- 
ject is to examine the appendages of these organs ; 
which art as fixed in their forms as the roots 
themselves, and ai-e, consequently, taken advan- 
tage of in describing plants. All thi appendages 
of. roots may be arranged under the following 
genera: — 1. Sca’es; 2. Suckers; 3. Knobs or 
Tubers; and b. P-U'S.' 

1. Scales are in many instances the remnants 
of leaves which have decayed and fallen, as has 
already been explained (p. 133). They more fre- 
quently occur in roots which assume a horizonfal 
direction; in which cases the lower part of the 
stem which is in contact, or nearly so, with the 
soil, gives off lateral rootlets, immediately above 
the point of attachment of the decayed leaf ; and 
these, dipping into the ground, drag that portion 
of the stem under the surface of the earth, where 
it gradually acquires all the characteristics of a 
root. T^ere are, nevertheless, some roots originally 
furnished w'ith scales, and very few or no lateral 
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intended to support these buds during their evolu- 
tion and the earlier Stage of their growth as plants; 
and thence tuberiferous plants, which are chiefly 
annuals, are perpetuated both by ,a lateral and 
seminal progeny. In this respect the buds produced 
on tubers resemble suckers ; dift’ering from them 
only in not being dependent on the original root for 
their nutriment, but obtaining it from the tuber ; 
and in separating spontaneously from the parent 
plant, and becoming distinct, isolated beings. They 
resemble seeds also, inasmuch as the gems upon 
their surfaces are endowed with vitality, like the 
einbryon or plantule enclosed in the seed, and 
remains latent, until the tuber be placed under 
circumstances favourable for vegetation. . 

Tubers are annual productions of the herba- 
ceous part of the plant ; both the nutritious fecula 
deposited within them, and the gems on their 
Arfaces, being formed from the descending or pro- 
per juice, which, as you already know, is the sap, 
or fluids taken up by the roots, changed by expo- 
sure to the action of th^ air and the light in the 
• leaf. They are, in strict language, rather appen- 
dages of the stem than of the root*; and are con- 

« 

remplies d'une ficnle amilacec.” ElSmens dc Ph/s. veg, t. i. 
p. 90. 

* The following description by Dr. Darwin, of a variety of 
the Potatoe raised in the garden of Major ’^rowel of Derby, 
is a good illustration of this remark: ** From one root there 
appeared to t&sue six or eight stems, three or four feet long, 
L 2 ' 
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sidered as belonging to the latter merely from the 
drcumstance of their being underground produc- 
tions. The older phytologists regarded them as 
roots ; and we may still speak of thenij without 
much impropriety, as appendages to these organs, 
if we obtain, in other respects, a correct id(;:i of 
their nature and functions. They assume a great 
diversity of forms, which, as they frequently ct»ter 
into botanical descriptions, ought to he made fa- 
miliar to the student. In describing them I shall 
arrange t!ie whole under *wo genera : a. Closely 
attached tubers ; b. Filipendulous timers. 

a. Closely aitached tubers are seated di- 
rectly at r" (he stem, or rathe*’ adliere 

to it*, and 'ow ’ immediate contacf u'ith each 

“ at every joint of winch were produced new Potatoes; at the 
“ lower joints there were three of these aerial Potatoes, one 
large, one the size of a pullet’s egg, and a smaller on e^h 
side of it. At the upper joints only one new’ aerial Potaroe 
** adhered, and these became smaller the further they were 
<< removed from the root ; and, fins^lly, at the summit there 
‘‘ had been a flower, as there was now a seed-vessel, called a 
Potatoe-apple. All these new Potatoes at the joints of the 
** stems were green, because they had not been etiolated by 
‘*.being secluded from the light, but the terrestrial roots 
(tubers) were white*^* Da^tvin^s Phytologiaj sect. xvii. 1 , 2. 

* This place at the basis of the stem to which these tubers 
usually adhere is marked by a little contraction or sometimes 
protuberance, which the French botanists call le collet, the collar. 
“ On donne aussi le nom de collet d une espece d’^tranglement 
ou de rebord, qui s^pare une tige d’avec sa racine/' Diet, 
de Hot, par BuUiard, 
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other. They comprehend the followitig species, 
regarding theip as appendages of, the root : 

1. The Coiyoined ovate tuber (Tuber conjun 
turn ovatum) is an egg-shaped tuber, in immediate 
contact with another, and more rarely a third, at 
q- the point of its attach- 

ment to the stem of the 
plant, as in the Orchis 
tribe (fig. 9). When t !•<•«! 
are three tubers, one rtf 
them is generaliy shrive! led 
almost to a skin, an ther 
a little less so, and the 
third quite plump : and when there are two only, 
one is always somewhat shrivelled, if the root be 
examined after the plant has flowered. The full 
tuber is the formation of the present year, and 
. bears on it a gem for the production of the plant 
df the following year; but the shrivelled one is 
that of the preceding year, which having its nu- 
tritious contents exhausted in fwmation of the 
herb and the flowers, shrivels towards autumn ; 
and either withers away altogether and disappears 
in the succeeding winter, or remain's a mere ske- 
leton in the third year. The oviM« conjoined tuber 
is therefore biennial, being formed and perfected 
in one year, and jierforming its functions and dy- 
ing in' the second. In fig. 7 are see* these three 
states of tuber as displayed in Orchis 'icuminatum: 

r.3 
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1. shows the tuber nearly shrivelled to a skin ; 2. 
the tuber of last year after the' plant it bears has 
flowered ; 3. the new tuber, the pi’oduction of the 
present year ; 4. are the real roots of the plant*. 

Our conjoined ovate tu- 
ber is thjp Radix testiadata 
of authors 'I'. 

2. The Conjoined club- 
shaped tuber (Tuber clavw- 
forme conjunctum) (fig. »* ) is 
of an oblong shape, thicker 
at the loose ext ‘emity, and 
resembling in Some degree a short club. As in 
the former species of tuber, it iS generated every 



* There formerly t; oVed a very absurd superstition con- 
nected with the double state of these tubers. If a pair of them 
be separated and thrown into water, the new tuber, owing to its 
greater gravity, sinks, whilst the older one, being lighter, swims. 
The swimming tuber, when prepared in a particular manner and 
worn round the neck, was believed to possess the magic pro- 
perty of securing to the wearer the strongest attachment of any 
one he pleased ; and this belief still continues to prevail to some 
extent among the ignorant. A rlore rational ani usetul purpose 
to which the new tuber of the Orchis morid, and some other spe- 
cies of the Orchid^cB is applied, is the manuhicture of Salop. For 
this purpose the new which has attained its perfect growth, 
is prepared by first sc^^ng it in boiling water to detract the 
skin, then placing it in an oven for ten or twelve minutes to give 
it semitransparency, and finally drying it in a moderate heat. 
In this state it resembles sago, and constitutes a nutritious 
wholesome article of diet. 

t Quasi tcsticulis animalium similis. 
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year ; but there are always two or more tubers in 
a state of advancement towards perfection, and 
as many in that of decay. Pile-wort, Ranunculus 
Jicaria, affords the best example of this form of 
tuber: vide fig. r, in which 1. 1. indicates the 
more recent tubers ; 2. 2. those in a state of decay. 

3. The Fingered twhGv (Tuber digitatum) (fig-A’) 

s. receives its name from 

the tubers resembling 
fingers. In Satyrium 
albidum, the plant 
exhausts two tubers 
in one season ; see 
fig. s, in which b. b. 
represents a pair of 
old tubers, the origin 
of the existing plant ; 
a. a pair of tubers for that of the next year, 
with a still younger pair attached to them : c. c. 
are the real roots of the plant. 

4. The Pedmated tuber (Tuber palmatuin) (fig. 

t. ; 0 also receives its 

name from its form, 
which somewhat re- 
sdnbles the human 
liand. There are 
rarely more than two 
palmatcd tubers con- 
joined,* as in- Orchis 
1 , 4 
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• 

maculata. In fig. t, 1. 1. represents the roots; 
2. the withering tuber, the origin of the present 
plant; 3. the new tuber, the pyramidal eleva- 
tion on the top of which marks the point, whence 
shall germinate the plant of the ensuing year. 

5. The Bundled tuber (Tuber fascimlatum) 
M. (fig. m) is sjiindle- 

shaped or nearly 
_ cylindrical. Tu- 
bers of this dc- 
'' sciiption “ are 
- ■ ‘ foMudtl, and also 
“ wither away in 
“ pai'cels,” each 
parcel being equi- 
valent to a single tuber in tlie species already de- 
scribed : they are well exemplified in Bird’s-nest 
Ophrys, Ophrys nidus avis (fig. u). 

Such are the closely attached tubers. From 
the circumstance of the new tuber, or the sets of 
tubers, being always formed laterally to the old, 
the plant appears to pei^rm a certain degree of 
progression ; so that in ^ few years it is found at 
some distance from the spot where it originally 
flourished*. I bafe used the terra, “ the plant,” 

* The cultivation of tuberiferous plants with closely at* 
tached tubers, which are chiefly of the Orchis tribe, has always 
been considered very difficult ; but it may be successfully ma- 
naged as practiseH by the late Mr. Crowe, and thus described 
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because, although a new plant actually rises every 
year from the new tuber, or that one in the regu- 
lar order of succession ; yet each is only a conti- 
nuation of the plant raised from tbe^ seed peipe- 
tuated by lateral production, as the buds on an 
ungrafted tree are continuations of the original 
tree ; and differ essentially from the seedling 
plant, which is a real renewal of the species. 

b. FfLiPENDUtous TUBERS aic attached to the 
parent plant by undergiound runners, or ei»rds, 
which spring not from the roots but the lower part 
of the stem ; the roots being in this instan e, as 
in the plants with closely attached tubers, truly 
V. fibrous. There are two 

species only of the fili- 
pendulous tubers ; soli- 
tary and congregated. 

1 . The Solitary pen- 
dulous tuber (Tuber so- 
litarium) (fig.?’) is egg- 

jshaped and attached, as 

♦ 

by Sir J. E. Smith ; “ They are besVemoved when in Yuli flower, 
the earth being cleared completely away from the roots 
' “ (tubefs), which are then to be ref^ll|;ed in their natural 
** soil previously dried and sifted. Afterwards they must be 
“ well watered. The bulb (tuber) for the following year hag 
not at the flowering period begun to throw out its fibres, for 
“ after that happens it will not bear removal.*' Irdrod* to phy» 
iiological and systematic Botany^ p. 110. 
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at i.'to the extremity of a lateral runner, proceed- 
ing from the collar of the stem, immediately above 
a. the bid, or plant-bearing tuber. As the new tu- 
ber makes vay little progress until after the flow- 
ering of the parent plant is over, it may escape 
the observation of the student, if looked for be- 
fore that period. The Miisk Orchis, Ophrys 
monorchis (fig. *»)} which has received its spe- 
cific name Monorchis *, ffom having apparently 
but one tuber, is the only example of this species 
of tuber with which I am acquainted. 

2. Congregated pendulous tubers (Tuhera cmi- 
gregata) are more generally either globular or 
ovate, surrou idlrig the stem, attached by runners 
or fibres which ccuuect them with it at different 
distances, and in indefinite numbers. Like all 
other tubers, they are reservoirs of nutriment 
and moisture ; whilst the runners to which they 
arc attached perform an office similar to that of 
the umbilical cord in animals ; conveying the pro- 
per juice from the parent plant to the tubers, to 
be deposited in them for tlie support of the suc- 
ceeding ‘plants ; and •maintaining the connexion 
between the plant and its lateral pi»:^ny, the 
gems on the surfit^ of the tubers, until these are 
perfected and endued with that vilajity which en- 
ables them to exist as independent beings. It is a 

* From (monos )y one. 
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conjecture which is not improbable, that the final 
cause of the length of the runners is to place the 
tubers at a convenient distance from the parent 
plant and from each other, in order that the new 
plants may enjoy ■ the advantages of a fresh and 
unexhausted soil. 

The Potatoe, which, aflfords the best exemplifica- 
tion of this species of tuber, has ^many gems on 
its surface, all of which shoot up into stems ; and 
from each, besides the runners for the production 
of new tubers, rootlets are given off for the ab- 
sorption' of that portion of nubriment which is 
required to be supplied front the soil for the sup- 
port of the vegetating plants. 

Such arc all the species of tubers which I 
think it necessary to particularize ; and to One 
or other of them, eveiy known tuber may be re- 
ferred. Other species are undoubtedly noticed by 
authors, under the head of tuberous roots; but 
these will be foond to be varieties only of some 
of those we have examined s even the granules 
attached to the roots of the White Saxifrajre, 
Saxifraga granulata, are sometimes quoted* as 
tubers, al^ugh they actually feelong to the next 
of the appendages of the root^-iwhich we have to 
take under consideration, the bulbs. The roots of 
several species of the. Iris tribe have some" resem- 

* Keith's Syst. nf ■physiological Botany, « i. p. 39. 

4 
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blance t4» the tuber ; but although the new caudexes 
of these roots bear buds, which may be correctly 
regarded as lateral progeny, yet, these caudexes 
are nevertheless real roots, and do not accord with 
the definition of tubers. I shall have to notice 
them more particularly whent%e examine the di- 
rection of roots. 

!\s in tuhcriferous plants, the tuber is formed 
by the plant of the present year, and itself forms 
tliat of the succeeding, which again forms a 
new tuber or tubers, it , becomes a subject of 
rational inquiry to ascertain the pa;*t which the 
real roots of the plant act, in producing these 
results. Tha* the plant is sustained t(* a cer- 
tain degree by the absorbing powers of the real 
roGtej is obvious ; but it has not, yet, been deter- 
mined to what extent or at what period it might 
be deprived of the tuber and be supported solely 
by the roots. In the early stage of its growth it is 
altogether nourished by the tuber, the nutriment 
passing directly from the tuber into the vessels of 
the stem, and ascending through them to nou- 
rish the plant. When the roots begin to absorb 
from the soil, tlwi fluid, matters they take in 
are probably mingled, in the leaf, with the already 
formed nutriment brought from the tuber ; and it 
is not unlikely that it is from the proper juice pro- 
duced by the exposure of this mixture to the air 
and light in the leaf, that the new tubers are 
formed. That the new tubers, however, may be 
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formed independent altogether of the nutriment 
obtained from the tuber bearing the plant, is evi- 
dent ; for, the first tubers of the plant raised from 
seed are formed altogether from the nutriment 
obtained from the soil. It should, however, be re- 
collected, that the plant raised from seed differs 
from that evolved from the gem on a tuber ; the 
former being an entire new being, a renewal of tlie 
species, the latter a mere continuation of the in- 
dividual from which it springs. It may be sup- 
posed, that although the new tnbeifi be formed 
from the nutriment obtained from the soil, yet 
that the contents of the old tuber are intended 
chiefly for perfecting the flower and the seed *, in 
the same manner as the saccharine matter depo- 
sited in the caudexes of the Turnip and Carrot ; 
but, admitting this supposition, it is not the less 
true that this nutriment may be diverted to the use 
of the new tubers ; for those on the Potatoe plant, 
are both enlarged and multiplied by nipping ’off 
the flowers, to prevent the formation of the seed. 
From whatever source the nutriment is obtained, 
the healthy state of the leaf is absolutely requisite 
to perfect fdie tuber; for, the partial destruction of 

* This supposition certainly obtains some support from the 
fact, that Potatoes produced on plants raised from seed do not 
flower in the second or third year ; the tubers appwtently re- 
quiring a greater magnitude and higher deg ee of perfection 
before they can form the flower. 
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these by insects or frost, or the impeding of tlieir 
functions by disease, as for example the curling of 
the leaves of the Potatoe plant, is followed by a 
decrease both in the quantity and in the size of 
the new tubers, and also by a deterioration of 
the nutriment deposited in thqm. 

The runners to which pendulous tubei'S are 
attached are bundles of vessels, produced from the 
bark of the stem, and intended solely to convey 
the proper juice froim,'the descending vessels to 
these knobs ; and that theie are no returning 
vessels, or, in othei* words, that th«^ progression 
of fluids through these runners is in a direction 
from the stem to the tubers only, is rendered pro- 
bable from the ntik)W!iig experiment made by Mr. 
Knight. He divided the runners connecting the 
tubers with the stem in a Potatoe plant, and 
immersed both portions in a decoction of Logwood. 
The colouring matter passed along in both direc- 
tions, but did not enter the steui, which it would 
have done had there been any r6tui’ning vessels in 
the nmners, whilst it was found to have entered 
the tubers and filled an elaborate assemblage of 
vessels which are ^^tuated between tie bark and 
fleshy parenchyma ♦. 

The anatomy of tubers displays a considerable 
difference in the structure of those which belong 


* PhiL Transactions^ 1803 . 
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to the tribe of plants named Monocotyledons and 
that denominated Dicotyledons ; it demonstrates 
also, that the organization of the tuber has the 
closest affinity to that of the stems of the tribe to 
which it belongs. Thus, for example^ the stem of the 
Orchis muscula, which is an annual, tuberiferous, 
monocotyledonous plant, consists of a lax cellular 
texture enclosed in a cutis vera and epidermis, with 
threadlike bundles of vessels running longitudi- 
nally through it, at equal distances. The same 
appearance is evident in the tuber, the vascular 
bundles or cords bekig larger only, and inosculating 
with each other at the Ipwer extremity of t!ie tu- 
ber, whilst at the upper they pass into a transverse 
bundle, which seems to unite with one cord of 
vessels descending from the stem of the plant, and 
two cords which apparently connect the vascular 
system of the new tuber with that of the parent 
stem and the old tuber. This organization is quite 
obvious to the naked eye in the half-decayed tuber, 
and can be made so in the new tuber if the stem 
of the plant be cut transversely through about an 
inch from the tubers, and the portion to which they 
are attached inverted, and aUptyed to remain for 
twenty-four hours in a decoction of Brazil wood. 
When the vessels are thus filled with colouring 
matter, a longitudinal section of the new tuber dis- 
plays the vessels running in cords through the cel- 
lular texture, which is now swelled .tith ttutritious 
fluids (vide plate 1. fig. 1. a), whilst a transverse 
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section shows them like colourei^ points, set in a 
diamond form, in the white parenchyma (Ih.fig. 2). 
In the old tuber this appearance varies ; the lon- 
gitudinal section showing the cords of vessels sur- 
rounded with the cells still turgid with fluids to a 
certain distance on every side, and these enclosed 
as it were with a wall of empty cells, which in a 
transverse section assumes a circular or irregular 
hexagonal figure ; or each cord of vessels appears 
as a point in the centre of a large circle or 
hexagon, the -interior of wh^p consists of moist 
cellular matter, and the o*' dry or empty 

cells (Ib. fig. 3). This appearance of the old tuber 
can be explained only on the supposition that 
during the exiiaustiou of the nutritious matter it 
contains, the fluids pass laterally through the cells 
towards each cord of vessels, by which they are 
taken up and conveyed to the vessels of the stem 
and those of the new tuber ; and consequently, 
the more distant cells being those soonest emptied, 
and each cord of vessels acting as the attractive 
centre of a given space, the cells on the periphery 
of each space, owing to the positions of tlie vas- 
cular cords, must necessarily be emptied in such 
a manner as to ^ve the circular or hexagonal ap- 
pearance to the transverse section. If this opinion 
be well founded, it would appear, that the vessels 
*of the tubers of monocotyledbnous plants, which 
during the growth of the tuber convey to and 
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deposite the nutiitlfius fluids in the cells of the 
parenchyma, take on a retrograde movement, and 
acquire the functions of absorbents as soon as the 
tuber begins to vegetate. A knowledge of the dis- 
tribution of the yasculal* system i^ tliese tubtiS, 
and of the manner in which the new tuber is at- 
tached, with the appmrattce of the embryoii plant 
at its apex, can be readily obtained by examining 
a longitudinal section of the base of any Orchis, 
after the hew tuber is formed'; particularly if the 
plhnt be injected a coloured fluidj as has been 
already described *.^^rom such an examination it 
is evident, that, however close the attachment of 
the new and old tubers is in the closely attached 
'ubers, the attaching organ performs a function 
very similar to that of the umbilical cord df ani- 
mals; and resembles in every respect, except in 
length, the runners which connect the pendulous 

* Vide Plate 1. ^1. wjiich represents a IRngitudinal slice 
of the tuber of the male Orchis, Orchis mascvla : a, the new 
tuber with its longitudinal vessels, and the intermediate cel- 
lular texture turgid with nutritious fluid ; the old tuber in a 
half-exhausted state; c. the stem of the pla,nt broken short; 
d. the plant’Jte Which will form the plant ; e, a kind 

of sheath o^i^er the piantu]c> which termitiatcs in a membranous 
cone, and appears to be formed of a doubling of the cuticle 
of the stem, reHectcA so as to unite with that of the new 
tuber the point of conjunction of the vessels of the stem and 
of the old tuber, with those of the plantule anij the new tuber ; 
g. a root produced from the stem. 

VOL. I. 
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tubers with *1^ parent plant, f In fact, tiie attach- 
ment, when the tuber is viewed in its natural state, 
appears much shorter than it actually is, owing to 
the shortness of the collar of 

# the^dl6!ifil> circumstances 
ooc^sidn^y , oifecur which 
leng^eo ‘^he organ, so as 
to give it the real character 
of a runner, and render the 
ti ^^ . pendulous (^. 

If take ti e Potatoe to 
exemplify the organization of 
the tubers of Dicotyledons, we shall find that 
they, resemble, • in an equal degree, the stems 
of tribe. When a tuber of this plant is cut, 
either transversely or longitudinally, it appears 
evidently to be composed of jtwo distinct parts; 
one of whiq^ is internal and ' qil^ilar, somewhat 
like the pith or central part#br;the stem of the 
plant, and surrounded on eveCy sjde by the other, 
which is cellil^C also but more dense, and bor-^ 
dered with a ^^^mplicated system of vessels, 
branches from ^ich stretch into the* pith; and 
that it has a close affinity to the cortical part of 
thest^. 0 


* The plant from which this figure was drawn was raised in 
a common garden pot, with the old tuber very near the surface 
The old tuber ; 6. the new tuber ; e. the attaching proces:. 
et vended so as to assume the form of a runner. 
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Wherever a gefti is formed on the tuber, the 
pith or central part advances to the surface, and 
gives a small thread of its substance to the em- 
bryou ; and this appears to furnish its pith : u hilst, 
in the same manner, th« cortical s^lHstance, w i*ich, 
although attenuated almost to a pellicl^ yet still 
surrounds the tfbidad of pith, seems to fupply its 
bark . The vessels also of the tuber tend to each 
point where a gem rises on its surfiKse; and, when 
<l)is begins to vegetfite, th©;f QolaiW so much as 
*to become very p(|ii^ptible to the llpted eye : and 
acquire a letrograde movement, taking on the 
functions of absorbents, and conveying tlie nutri- 
tious matter deposited in the tuber to the vascular 
system of the germe for its evolution and support. 

I’he epidermis of tubers, to whichsoever na- 
tural order of plants they belong, is utterly devoid 
of eitlier absorbing or' exhaling organs ; and it is 
this circumstaajicie which fits tubers so admirably 
for prcsci-ving, in an unaltered state, the nutri- 
ment deposited in them ; the preservation of this 
in its natural state being abso||j^ly necessary for 
* 

* Vide Plate 1. fig. 4-. A longituSkal slice of aPoiatoe: 
a* the central part, or pith ; b. the cortical part , c. the change 
in the poHtioa of these parts where a gem is given off; d, the 
point wheie the t§ber was attached to the runner. It may 
not, pel haps, be unnecessary to say that the points on the sur- 
face of a Potatoe, called eyn in common language, are the 
gems, the rudiments of the expected plants. 

Hi 
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enabling the germe to maintain its vitality. Finally 
we may, with Sprengel, regard the tuber as a 
hybernaciilum, or winter habitation, for the pre- 
servation of the embiyon plants yet latent in the 
gems which it bears *. 

The Bulb, the next of the radical appendages 
which we have to examine, is a’ globular or pyri- 
form, coated body, solid or formed of fleshy scales 
or layers, and of a more or less complex structure. 
It is not peculiarly an append^e of the root, but 
is found also ^on the stem and*branclu*s of some , 
plants, and even mingled with tiic flowers of 
others. As, however, the bulbs which are attached 
to the root, ha re =ieve ‘al peculiarities which dis- 
tinguish them from t hose situated on the otlier 
parts of the plant, it is necessary to treat of them 
in this stage of our inquiries. 

The roots of bulbs are' simple fleshy fibres, 
annual productions, which issue either from the 
circumference of the flattened basis of a kind of 
caudex on which the scaly and laminated bulbs 
are seated, or from the substance of the bulb itself, 

*Linnffius defines the hybernaculuin thus: Hybernaculum 
“ est pars plant® includens herbam embryonem ab externis 
“ injuriis and adds, “ estque Bulbus vel Gemma.'' Sprengel, 
in the edition of the Philosopkia Botanica, which he has edited, 
very properly adds the tuber. “ Tuber est hybernaculum solidum, 

“ substantia marginali molliori cinctum.’* 
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or from a simple scale when it is solid ; and these 
situations of the roots f»rm the chief characteristic 
of the bulb, distiijguishiug it from the tuber, and 
marking out those limits between the bulb and 
the tuber, the existence of which is denied by 
Mirbcl * and some other author^ : for the roots of 
the plant borne on a tuber, whether of the closely 
attached or pendulous kind, always proceed from 
the stem. 

Bulbs, like tubers, are reserv;oiis of nutriment 
for the developement and temporary support of 
the plants formed within them; a fact which is 
illustrated to common observation by the growing 
of onions, in the storeroom of the housewife. 
Young radical bulbs, as I shalltj^oon have occasion 
to show you, are produced in some instances above, 
in others below, and in others again within, or at 
the sides of an old bulb, during the adult vegeta- 
tion of its plant ; and are, like the gems formed 
on the surface of a tuber, the lateral progeny of 
the plant itself, not of the bulb. They ai’e more 
frequently formed previously to the flowering of the 
parent plant; and as they preserve the plantule 
within them, until the ensuing Ipring, they are re- 
garded as winter habitations (hyhernacula) by Lin- 

* “ 11 n’y a point de limites entreja bulbe ct Je tubercule; Ja 
“ transition se fait de Tune a Pautre, par la bulbe solide qui 
“ participe de toutes deux.*' Elem. de Phijs. veg. I®” partie^ 
p. 135, noin. 
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nseus, who points out the close affinity, except in 
situation*, whfeh exists between them and the 
buds of trees. 

« 

Bulbs may be divided into solid, scali/, and 
laminated. 

I. The Soiibh^ bulb •f' is ‘"a mass of cellular 
substance, filled %ith autritifeus fluids, and en- 
closed within a thin epidernaif, with vessels run- 
ning through it. from the basis to the apex. It is 
covered with or more coats, either of a mem- 
bi'anous, or or a reticulated texture^. 

The solid bulb fiesemblcs the tuber in several re- 
spects ; but differs it in being coated, and, 
as has been already noticed, in giving off the roots 
from a radical or from a scale at the basis 

of th.e bulb, the point opposite to that from which 
the shoot is produced. 

Solid bulbs may be arranged under three spe- 
cies, taken from the situation on the old liulb 
where the new one is produced ; ‘and thence they 
may be denominated superincumbent, lateral, and 
enclosing. 

1. The Stipmncumbent solid bulb (Builms so- 
lidus superpositm)iii I have so named from the new 
bulbs being produced on the summit ’of the old 
one, and appearing, even when they are fully 
♦ • * 

* ‘‘ Bulbus est hybernaculum caudlci descendenti insidens.” 
Phil. Bot. 5 85. 

f “ Solidus constans substantia solida. ’ Ib. 

t Vide Plate 1. fig. 7. 
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grown, incuinhoiit on it » Rs oxoinplificd in 
Ctpcus*, Ixia t, &C- Tiie old bulb withers,* whilst 
those which it* bears are attaining maturity; but 
it does not entirely decay away, so as to leave its 
progeny a's distinct and separate mdividuals, until 
the new bulbs be formeij on t^^. In some in- 
stances, Crocus fojEi example, the plants of the 
present year, besid^^xhausting the old bulb for 
thpir support, appeaFto obtain that portion also of 
their nourishment, which is drawi|^om the soil, 
through it ; the vessels that p^rpceeS from its ra- 
dical plate passiiog throxighflbe' centre of the 
present year’s bulbs, and sf^ding canals even to 
the rudiments of those formra at the basis of their 
foliage. This is rendered evident to tiie naked 
eye by dividing bulbs of CroiSlis sativus, taken 
up in the latter end of May In other plants, as 


* V^de Plate I . fig. 5. Bulbs of Crpcus sqtivus dug up in 
May. a. b, the perfected balbs, adhering closely to c. the old 
bulb much shrivelled ; d* the radical plate of the old bulb with 
roots protruded fronai its circumference. ^ 

f Fig 7. Fulbs of Ixia poli/stachia taken up, also, in May. 
a, b. the new bulbs which bear the present year’s foliage and 
flower, partly covered with c. the reticulafted coat of the old 
bulb ; e. £. e. e. e. the roots of the recent bulbs, protruded 
between them and the old bulb;y! a smffll bulb appended by a 
runner as described in the text. 

J Fig. 6. The bulbs of fig. 5 dissected: a, b, the re- 
cent bulbs ; c. the old bulb, with, its vessels seen passing 
up from its radical plate, and continued through the new 
bulb to the basis of its foliage ; d* two cords f vessels which 

A 
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Ixia for instance, although the «aine course of 
vessels* be perceptible, yet, very thick roots are 
thrown out from the superincumbent recent bulbs, 
by which the nutriment is immediately taken up 
from the soil, without passing through the de- 
caying bulb *. Tender ceit^ circumstances of 
soil, also, wires are protruc^ from between the 
more recent bulbs and the|i^ bulb, with small 
bulbs attached to them -I*, hnd these are soiije- 
times so elo^^ted as to give to the lateral pro- 
geny a pendhims character. , 

On dissecting this species of bulb, we find 
that, besides the j^termost coat, which is in 
general either fibrous or reticulated, it has two 
others more succulent and fleshy, which appear to 
form the bases of flic sheathing of the leaves, and 
to cover the whole of the bulb terminating at the 
plate whence the roots are protruded. Within 
tliese is the solid homogeneous mass of the bulb, 
covered with a thin, beautiful, transparent epider- 
mis, and depressed considerably in the centre, 
where the stem and part of the foliage are at- 
tached ; and having cavities also at those points 
where the young bulbs are formed. The exterior 
leaves terminate at a kind of sbouldeiV which sur- 

separate from the others immediately after they enter the new 
bulb, and pass on to the embryon bulbs, forming on a. b. e. 
the embryon bulbs. 

* Vide Plate, I. fig. 7. 
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rounds the general cavity ; and within . the ex- 
panded bases of these leaves the young bulbs are 
seated. As in the case of tubers, although the 
young bulbs are the production of the existing 
plant, yet, as has been already remarked, they 
have a vascular t^mmunication with the soil 
through the mediuflii both of their direct parent 
and the old decayi^ bulb*. From this examina- 
tion the following physiological conclusions may 
be drawn ; that, in this species of{^e solid bulb, 
the old bulb is exheasted in the prbductton of the 
herbaceous part of the plant' bif the functions of 
which the bulbs immediatej^^incumbent upon it, 
and which bear that plant, are perfected, and by 
which the embryon bulbs, seated on each of 
them, are also formed. Towards the autumn, the 
exhaustion of the. old bulb is completed ; and the 
vinculum which connects together the bulbs seated 
on it, and which are now perfected, being thus 
broken, they separate ; and each remains as a 
distinct being, to be in its turn exhausted, in the 
production of the plant of the eni^ing year, and 
of its series of bulbs. 

2. The Lateral solid bulb (Bulbus solidus la- 
teralis) is named from the new bulbs being formed 
on each side of the old, as exemplified in Colchi- 
cum autumnale. In this species of solid bulb, the 


* Vide Plate K fig. 6. d. ^ 
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old bulb is completely exhausted^ aa(jl the new 
bulbs separated from it before the Rudiments of 
the next series are perceptible. The points of 
union between the parent and its progeny are near 
the basis of J^lb on bot^ sides. On dissection, 
the perfect bulb is found, to-consist of a mass of 
cellular substance turgid wi^ moist farinaceous 
matter ; but it is not, as in tl^ormer species, per- 
fectly homogeneous, one part being opaque, and 
the other seny^ransparent. The vessels run lon- 
gitudinally thrb|igh the bull», from the radical 
plate to the parti^wltence the foliage springs ; and, 
in their dried up stf^te, in conjnnc ion with the 
emptied cellular texture and the epidermis, give a 
tough, spongy character to the exhausted bulb; 
which, at the tintc of the separation of the recent 
bulbs, exhibits the appearance of a shrivelled 
leathery bag, the roots having dropped from the 
radical plate t''. 

* Vide Plate 1. fig. 8, 9, 10, which represent the bulbs of 
Colchicutn autumnale, dug up in May, in different points of 
view. Pig. 8. a. 5. the recent bulbs (denuded so as to show 
their true appearance) of an irregular Pear shape, being con- 
siderably longer on the side opposite to that by which they are 
attached to the old bulb, and terminating inc. r.a flattened 
process; on the inner and upper part of which, under a pro- 
jection formed by the termination of the shorter side of the 
bulb, is the radical plate, whence the roots protrude. It is 
half way above this plate, on the one side, and behind the 
flattened process, on the other, that the new bulbs are formed. 

d. The 
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* * 

The physiology of this species of solid bulb 
closely resembles that of the other. The new 
bulbs are produced by the pl^nt of the bulb to 
which they are attached, and which is exhausted 
in the support of the ftrfiage and ^i^ficati<in bey 
bear : and in partly supplying also the nutriment 
which is deposited ih^llhem: I say, partly, because 
it must be kept in i&d, that ^e recent bulbs, of 
both species, have a direct communication with tlie 
soil through their roots; and ,cou|i||uently it is 
probable that by far the greater part^of the inatter 
deposited in them, proceeds from th< nutriment 
obtained from the soil, cha^t^ into the proper 
juice of the plant by the functions off the leaves. 

3. The Enclosing solid bulb (Bullius solidus 
mcludens), I have named from the circumstance 
of the young bulbs being enclosed between tbeir 

# 

d. Tlie old bulb shrivelled up ; c, the remutiiis of its radical 
plate ; Jl the remains of its terminal process. 

Fig. 9. the back .l^iew of fig. 8. a. b, the recent bulbs ; c. c. 
the flattened processes seen from behind; d.thc, old Imlb ; 

e, the remains of its radical plate. 

Fig. 10. a longitudinal slice of the bulbs, a. The old shri- 
velled bulb^ Lc. the recent bulbs, in which is seen the dis- 
similar structure of their mass ; (L the opaque portion ; e, the 
semitr^sparent : the longitudinal lines in r/. show the course of 
the vessels, proceeding frofti the point of attachment behind the 
process of the old bulb ; at Jl and on tlie opposite side, from 
that above its radical plate at g, h, L the part of tlic bulbs on 
which the foliage is seated. 
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common parents; which, in this sgecies of bulb, 
are two hemispheres, opposed to each other by 
their flat surfaces,, and iihited at their bases to the 
radical plate, whence the stem proceeds Its 
physiology is tjhe same asithat of the other solid 
bulbs. V* 

II. Scaly bu^s consiSt of fleshy scales at- 
tached to a radical plate, and so arranged as to 
lie over other like the tiles of a roof. Each 
scale is a homogenous mass of cellular substance, 
thick and fleshy in the middle ; but in some in- 
stances nearly ifieinbranous at the elgf concave 
on one side, and nOessarily convex on the other. 
Each scale, also, is a distinct reservoir of nuti'i- 
ment, and is endued with such a share of vitality 
as not only enables it to live if detaclied from the 
bulb ; but, when placed in a proper soil, to ve- 
getate and produce an entire new bulb. There are 
two species only of scaly bulbs, the squamom and 
the granulated. 

1. The Squamous bulb (Buttms squamosns-^) 

* Vide Plate 3. fig. 12. The twofold bulb of cluster-flJwered 
Fritillary (F. Pyrenaica ). A. a. a. the two hemispheres united 
'at the caudex ; b. the stem rising between tliem ; c. the roots : 
B. a, one hemisphere separated from the other, in order to show 
the two young bulbs h. b. produced on each side of the stem c. ; 
the longitudinal line on each marking the place at which the di- 
vision will take place : d. the caudex. 

f “ Squamqsus constans imbricatis lamellis. Lilium.’’ Phil. 
Botan. J 85. 1. 


4 
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•is well exemplified in the Lily tribe. If we dig 
up a plant of one of these, say the Whit^ Lily, 
Lilium • in summer, and examine, its 

bulb, we shall find tljat it consj^iof conc ive, 
fleshy, overlapping scales, each or which is at- 
tached at the base to a radical, caudex, but is 
loose at the apex*. A scale, when separately 
examined, appears to be a homogenetps mass of 
cellular texture enclosed in a cuticle;?; the. middle 
being thick and fleshy, but the edges and the 
apex nearly membranous; a construction, which, 
on the convex surface, gives it gibbous or keeled 
character. The vessels run in longitudinal eords, 
arranged at equal distances, through the scale ; as 
n.ay be seen in a transverse section of it, if the bulb 
have been placed for some hours in a coloured so- 
lutiou'l'. Removing the seales till the stem be ex- 
posed, the new bulb is seen formed at its basis ; and, 
by making a longitudinal section of the whole, the 
manner in which tbe lateral offspring is connected 
with the parent plani, through the medium of the 
vascular system of the stem and of the caudex, is 

* Plate 2. fig, 1. The entire bulb of the Lilium candidum^ f 
as it appears, when taken up in suro|per, during the vegetation 
of the stem. 

f Fig. 2. A transverse slice of one of the scales, to 
show the arrangement of the vessels in its substance. The 
vascular bundles appear like dots ; and owing i the cellular 
texture being more condensed in the jmmediuie vif inity of 
these, each bundle seems as if it were enclosed in a sheath. 
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made* apparent*. When the new bulb is per-- 
fected after the flowering season is over, the ex- 
terior s^les of the old one decay ; and by degrees 
the stem andTs a large portion of the old caudex 
also separate ; ' but as the whole of the caudex 
does not slough oflj and a new portion is added by 
each successive. bulb, it becomes gradually elon- 
gated, and' at length bears some resemblance, 
when the SKiaies are taken off, to a cylindrical, 
toothed, praemorse root. The new bulb, how- 
ever, is not alwfl^S found seated close to the stem, 
in every species of this natural genus of bulbife- 
rous plants. In Lilinm superbmn, for instance, 
a very thick, succulent, lateral runner is pi’ojccted 
from the caudex of the bulb ; and, pushing aside 
the neighbouring scales, advances considerably 
beyond them, bearing the rudiments of the new 
bulb on its extremity. Owing to this circumstance, 
the plant of each successive year lises at some 
distance from the site of its j^redecessor ; and as 
the old bulbs do not soon die away, one or two of 
these, in a decaying state, are generally found 

* Plate 2. fig. .*5. A. The young bulb as seen at the basis of 
the stem, when the scales iif t|ie old bulb are removed: a. the 
stem ; b. the young bulb ; c. the attached fragments of the 
scales ; d, the roots of the present year’s bulb ; €• the remains 
of those of last year. B. The interior of A. divided by a 
longitudinal s/^ction ; a. the remains of last year’s caudex ; b. 
the caudex of the bulb of the present year, with the vessels 
which nourish it anastomosing with those of the parent stem. 
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appended to the present year’s bulb *. On taking 
ofi* the scales of the bulb, the manner in which , 

. S; W 

the runner, which bears the new bulb, if sent off, 
becomes extremely apparent •f- ; atii^^tbe connexion 
between it and the stem and caudex of the adult 
bulb is rendered still more obvious, by inverting 
the cut end of the stem in a coloured solution, 
and making a longitudinal section of the whole ; 
for, as the vessels in this sfiecies of, Lily are com- 
paratively large, tney can be readily traced, by 
the naked eye, when filled with the colouiing 
matter, passing from the jStem into the caudex, 
thence into the runner, and through it to the small 
scales forming on its apex 

* Plate 2. fig, 4. The bulb of the superb Lily, with a 
small portion of the stem of the plant, a. The bulb of the 
present year ; h, last year’s bulb in a decaying state, with c. 
the remains of the bulb of the prior yeilr still attached to it : 

d. the rudiments of the new bulb attached to the extremity of 
the succulent runner, shooting forward between the scales ; 

e. the roots of tlie bulb ; J'. roots given off from the stem above 
the bulb. 

f Fig. 5. a. The caudex of the bulb denuded of its scales. 
h. the runner projected from it, and bearing the rudiments of . 
the young bulb on its extremity ; c. d, the remains of former 
years’ bulbs ; c. the cut stem of the vegetating plant ; f. the 
roots of the adult bulb. 

t Fig* 6. a longitudinal section of the caudex and lateral 
runner of fig. 5. injected by placing the cut id of the stem 
in a solution of extract of Logwood ; a. the x, the coloured 

spots in which show where the bundles of vefesels passed off to 
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It bias been already stated, that each scale is nbt 
only a distinct reservoir of nutriment ; but that it 
is endued with such a share of vital energy, as 
enables it, when detached from the bulb and 
placed in a proper soil, to produce an entire new 
bulb. In this respect, the scale resembles some 
leaves, which I shall particularize when we ti'eat 
of those organs. The scales of the Canadian, 
and those of the scarlet Porapone Lily, both of 
which are natives of high latitudes, exhibit this 
property more readily than any other of the tribe. 
The young bulb rises either from a callus lormed at 
the base, or the margin of the scale * ; which gra- 
dually decays away as the bulb enlarges ; and 
finally separates from it as soon as a suftiinent num- 
ber of roots are produced to support this lateral 
production as an independent being. The bulbs, 
however, which are thus propagated, differ from 
those formed in a more direct manner, as they pro- 
duce leaves only ; and several successions of leaf 
bulbs are propagated in a direct line from tljem, 

the scales of the adult bdlb ; b. the stem with the vessels injected ; 
c. the runner, with the vessels running through it to supply the 
rudirtients of the young bulb on its extremity ; d. a scale of the 
young bulb ; e. the place where the runner that supported the 
adult bulb was broken off. 

* Fig. 7. a scale of Lilium pomponiunif with two bulbs, a. 
and b. forming on it. Fig. 8. a portion of a scale of Lilium su- 
perbum with a bulb formed on its edge ; a, a root already pro- 
truded from the bulb. 
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before a flower bulb is produced. It may seem cx- 
traordiucuy tliat no formation of young bulbs oc- 
curs on the scales individually, when they are al- 
lowed to remain attached to the old bulb but 
whcji we consider that in this case their vital 
(uiergy, and the nutriment they contain, arc ex- 
hausted in supplying the growing plant, and aid- 
ing the formation of its lateral progeny ; and 
that, on the contrray, when a scale is separated, 
the formation of the new bulb is merely the em- 
ploynn-nt of the same agencies, whicJi would have 
acted simultaneously with the other scaka had 
the separated scale been left in its original 
state, only diflerently directed, the explanation is 
obvious. Another question, however, arises on 
this point. If, as has been stated, the young 
bulb be the production of the joint action of the 
bulb and tlie plant, how is the bulb on the solitary 
scale formed r I. confess my inability to solve this 
question ; and can only remark, that the bulb 
formed on tlie separated scale is, comparatively, a’ 
very imperfect being; and the formation of a 
serU's of bulbs in a direct line from it, each pro- 
gressively more perfect than its precursor, is 
requisite before a bulb can be produced as perfect 
as that one, which is the clTect of the joint func- 
tions of the jilant and of the ripe or adult bulb : 
and in this progression to perfecti f the plant 
of each season necessarily plays its pat l. 

VoL. I. 
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2. The Gr miniated hv\h (Bnlbm granulatns) is 
named from its appearance being that of a small, 
globular body, or grain. It is found usually asso- 
ciated with many others, studding, as it were, the 
root to which they are affixed ; as is beautifully ex- 
emplified in that of grain-rooted Saxifrage, Saxi- 
fraga gramlata *. On examining a single bulb, we 
find that it is composed of slightly curved granular 
scales, covered with two coats -f', ai <j enclosing the 
plantule, which, on vegetating, bursts the coats 
and shoots up lietween the sc ales. As it advances, 
these are gradually emptied, unJ.1 die epidermis 
only remains like a .small shrivelled leaf; Avhilst 
fresh bulbs are generated upon runners, sent off 
from the basis of tlie herbage. The minuteness 
of the scales prevents their structure being ex- 
amined by the unassisted eye ; but, with the aid 
of the microscope, it is perceived to be nearly the 
same as that of those of the s^quamous bulb. 

III. Laminated bulbs are composed of fleshy 
layers, attached at the base to a solid radical 
caudex. Each layer consists of a plate of cel- 
lular substance, filled with secreted juices, and 
enclosed between two cuticles. Bundles of ves- 

* Vide Plate 2. fig. 9. which represents the bulbs congre- 
gated on the runner of tlie plant a, 

t Fig. 10. a. a bulb denuded of its coats, with the plan- 
tule in a state of vegetation ; b. a plantule separated from 
the enclosing scales, attached to the radical plate, and a small 
fragment of the tunic. 
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sels run vertically through each layer, communi- 
cating with those of the candex, the stem, and the 
roots : these are entire and porous vessels; but in 
some of the laminated bulbs, the spiral vessels 
are so numerous as apparently to make ujj the 
greater part of the substance of the layers. There 
are two species 'of laminated bulbs ; the concen- 
tric and the nestling. 

1. The Concentric larainated bulb (Bulhuscon- 
centricus itmicosus) consists Uf sheathing laminflp, 
each enclosing, or nearly enclosing, the other ft’om 
the centre to the exterior coat or tunic. T.|^s spe- 
cies of laminated bulb may be subdivided into two 
sections ; the first comprehending those bulbs in 
which the layers are entire, or in which each 
layer is the sheath, as it were, of those within it ; 
and the second, those in which the layers are 
divided, or only overlap those within them, but 
do not form an entire sheath, as in the former 
instance. 

* With entire Layers. 

The most familiar examples of this division are 
the common Onion, Allium Cepa, and the mem- 
bers of the Narcissus tribe. In these, the cau- 
'dex is of an irregular, semiorbicular form ; and 
consists of a central cellular part or pith, covered 
by a more solid envelop or cortex, which is inter- 
posed betwixt the basis of the layers ,jnd the pith, 
and forms also the proper radical plate, whence 

n2 
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the roots are protruded. The number of the 
layers varies : the exterior are thin and seinlpellu- 
cid, being formed simply of two membranous cu- 
ticles, with cqui-distant bundles of vessels running 
longitudinally through them : the interior are 
more fleshy, the cells being filled with nutritious 
juices. A transverse section of fhc bulb exhilfits 
the continuous character of each layer*. The 
new flower bulb is formed •nearly in the centre, of 
the old bulb, at the base of the stem ; but in 
general, there are several leaf liulbs formed ; one 
or mo|p within the second or the t.iiri’ layer from 
the surface, and others lateraliy and altogether 
exterior to the old bulb. The outer layers only of 
the old bulb are cotnpietely exliausted in one sea- 
son ; hence the bulb in several subsciiuent seasons 
appears to be the same which oiiginally flowered, 
only much enlarged. The lateral bulbs separate, 
and, as in similar cases, maintain an indejiendent 
existence. In the Tulip, the bulb consists usually 
of four concentric layers only (independent of the 
coinnmn coat), the outermost of which inay be 
termed fleshy; but being nearly diaphanous, the 
longitudinal vessels arc seen I’unning through it 
at equal distances, with the intervening spaces on 

^ Vide Plate 3. fig, 1, which represents the transverse section 
of the bulb of Narcissus Jomjuilla : a, a, two young bulbs 
rising betwixt the second and tliird layers ; llie roots pro- 
truded IVom the radical plate, which is hid by the position of the 
bulh. ^ 
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the inner surface studded Muth opaciue slij^ditly 
elevated glands, which produce coiresp( indent 
depressions on the outer surface of the next layer. 
The other layers are fleshy and thick in pix-j-ortion 
as tliey approach the enclosed plantide, or centre ; 
and, although tlie depressions of the glands be 
visible on the exterior of each, yet, from the tur- 
gidity of the cellular texture, neither thc'^i tmr 
the vess('ls arc peree[)tiblc in them ; but by pSacing 
the bulb in a coloured solution for tvvenf ; -fotir 
hours, and tlien making a transverse section of it, 
Ijie latter arc se<'n like coloured points arrangeti in 
a ri‘gular scries, and nearly equi-distaut from the 
enclosing epidermis of each layer *. By tearing 
the laj’cr longitudinally .opposite to any of these 
points, the vessels can be -traced downwards 
through the substance of the layer, and even into 
the radical phitc. 

lu this bulb, the stem, which bears both the 
foliage and the flower, ri^es from the centre of the 
bulb ; hut as soon as the new bulb, whieli* is 
formed tdosc to its base, enlarges, the enclosing 
lamime of the old otie begin to lose their suc- 
enlency and plumpness ; and this exhaustion con- 

* Plate 3. fig. 5. a transverse section of a Tulip bulb, du- 
ring the flowering season, o. Section of the stem ; 6 , rtmiains of 
the exhausted layers of the old bulb ; c. the -w bulb, which 
should flower next season ; the dots in the I; ."s showing the 
positions of the longitudinal bundles of vessels. 

n3 
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tinues to keep pace with the enlargement of the 
oflFspiing, until the layers are completely emp- 
tied. They then decay away, apd leave the stem 
partially covered .with the void cuticles on the 
outside of the new bulb *. The stem itself, ivith 
the old radical plate, next die away; while the 
new bulb, after remaining as it were in a state 
of inacHvity during the winter, shoots out fresh 
roots from its radical plate in the spring, and runs 
the same course as its predecessor. Under fa- 
vourable circumstances, two or three new bulbs 
are sometimes formed in the same season ; but thpse 
are usually only leaf bulbs ■f-. 

In long-rooted Allium (Allium vicfnrialls) the 
concentric sheathing layers (each of which, as in 
several other speHes of the genus, is expanded 
into a* leaf) are of a reticulated texture i};; and 

* Fig. 6. a longitudinal section of a Tulip bulb, during the 
flowering season, a. Section of the stem ; d, the remains of 
the old bulb ; c. the new flower bulb enveloped in d. its sheath or 
etterior coat ; e. the rudiment of the caudex of the new bulb, 
where it separated from the parent stem. 

f Plate 3. fig. 4. a bulb of the common Tulip taken up in 
the flowering season, a. Part of the stem, which is cut off ; 
b. the exterior layers of the exhausted bulb, enveloping both 
the new flower bulb c. .and aa o&et, or lateral leid" bulb, the 
stem from which is seen aid. 

Fig. 2, a bulb of long-rooted Allium, a. The outer layer 
of the present year’s bulb, extended into the sheathing stem ; 
b, the reticulated layers, loose botli at the caudex c. and 
above ; d. the roots of the existing bulb piercing the network 
of the reticulated layers. 



JLECT. IV. J * THB root. — BULBS. 183 

when exhausted of the nutriment contained in 
them, assunae the appearance of lacework. In 
this bulb, also, the young bulbs are formed within 
the second layer of the present year’s bulb*. 

* * With divided Layers. • 

In this division of the concentric laminated 
bulbs, the layers, as has been already stated, do 
not form an entire sheath. In the garden Hyacinth 
(Hyacinthus onewfaZiVj, which I select as an ex- 
ample because it can be easily procured, they 
comprehend two thirds only of the circumference 
of the circle. ‘Each layer is fleshy and thick in the 
centre, and becomes gradually thinner towards 
its edges until it terminates in a membranous 
film, embracing the layers within it in the same 
manner as the hand holds a ball which it caqpot 
completely enclose. The defil^nt portion of each 
layer is always on the opposite side to that of the 
layer immediately beneath it. The caudex has 
the character of a segment of a hollow sphere, 
on the convex surface of which the layers are 
attached ; whilst a considerable number of fleshy 
roots protrude from the circumference •!•. The 
• 

* Fig. 3. a vertical section of the same bulb. a. the suc- 
cessive succulent layers extended into the stem; 6. the ex- 
hausted reticulated layers ; c. tfie caudex ; d, the young bulb. 

t Vide Plate 3. fig. 6 and 7. a. The body of the bulb ; b. 
the manner in wjiich the layers overl«j^ ach other; c. the 
radical plate^ mth the rpQts separated fron^ side of the cir- 

n4 
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vessels run in longitudinal bundles through the 
layers ; and so numerous ^re the sjHral vessels in 
this description of bulb, that,’ in the Ainaryliis 
tribe, the Squill, and some other of the larger 
bulbs, on breaking a layer transversely, they may 
be drawn out to the distance of three or four 
inches ; and from the strength of their tcompoiient 
fibres ipid their number, they are capable of sup- 
porting the pendulous portion of the layer. I 
have also been informed that the fibres of the 
spiral vessels of the bulb of some species of the 
Blood-floww (Hsemantlius) ha' e been spun into 
thread and manufactured, which I can readily be- 
lieve, from the strength of a thread which I liave 
formed from the spiral fibres of the layer of a bull) 
of Bimnsvigia toxicaria, Poison- bulb, by merely 
twisting them in iii^ fingers. On making a trans- 
verse, or a longitudinal section of the Hyacinth 
bulb, we find one or more young bulbs seated be- 
tween the layers * ; aud that one which is nearest 


cumference, to * show its concavity ; d. young lateral bulbs, 
which produce leaves, and a new bulb when detached from the 
parent ; e. a bulb, lyhich hoiB produced leaves this season, formed 
within the coats of the old bulb. * 

* Vide Plate 3, fig. 8. and 9. — Fig. 8. a. The caudex, as it 
appears in the longitudinal section of a full-grown bulb of Hya- 
cinthus orientalis ; h, a young bulb forming with the^utermost 
fleshy layer ; c, the remains of the stem and foliage of the pre- 
sent year’s plant. Fig. 9. a transverse sectic^ of another bulb 
of the same spheies of plant, showing the terminations of the 
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to the centre of the old bulb is, usually, the real 
flower bulb for the next season ; for, although, ow- 
ing to a few bf the outer layers only decaying, the 
old bulb appears still to yield the flower, yet, this 
actually springs every year from.a new bulb formed 
within the old one. Young leaf bulbs are also 
protruded exteriorly from the base of the old bulb ; 
and these appear to be really the production of the 
bulb itself ; for the Dutch cut their bulbs trans- 
versely, after they have attained a certain size; 
and plant the lower half, in order to multiply the 
number of the lateral bulbs; whilst the flower 
bulb, as has been already stated, is evidently the 
result of the combined functions of the plant and 
the bulb. 

i 

No e^fperiments^ at least that I know of^ have 
been made, to ascertain wh^her a layer of any of 
the concentric laminated bulbs, when separated 
from its caudex and planted, wiW produce young 
bulbs, as is the case with the scales of the squa- 
mous bulbs ; but I am of opinion that if an en- 

layers, and the divided bundles of longitudinal vessels, a. 
the lower portion of the flower stem ; 8. the bulb which will 
flower next year, gradually expanding the old bulb by its 
growth ; c. the roots attached to the caudex, which are hid by 
the position of the superincumbent’ parts. Fig. 7. another 
bulb of the garden Hyacinth in which four young lateral leaf 
bulbs d, are seen seated on the caud^.^ to show the manner 
in which these lateral offsets generally y cur 
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tire layer were carefully separated from its caudex, 
and planted, it would produce young bulbs upon 
its basis. 

2. The iV(i?.v#/«ng bulb (Bulbus nidulans) is com- 
posed of entire concentric layers, which termi- 
nate in sheathing leaves, ^nd enclose witliin each, 
from the circumference to the centre, several young 
bulbs ; so that, when the layers are partially rup- 
tured, the whole seems to consist of small bulbs, 
and has a nestlike appearance *. The layers are 
more membranous than those of the other lami- 
nated bulbs we have examined ; an 1 consequently 
display, more evidently, the longitudinal equi-dis- 
tant bundles of spiral and entire vessels. The 
caudex is v( ry vascular ; in form nearly an inverted 
truncated cone, and protruding a great nurtiber of 
long threadlike roots. 

On dissecting the young bulbs, enclosed within 
the old one, we find that those only which have 
already shot up into leaf, contain small bulbs or 
their rudiments within the layers ; hence, there is 
reason for concluding that the young bulbs are in 
this instance, chiefly the result of the functions of 
the plant. In the bulb of Garlic, Allium sativum, 

• Vide Plate 3. fig. 10. the recent bulb of Garlic, Allium 
sativum, with the sheathing layers f>artially removed to exhibit 
the young bulbs, a. The young bulbs ; 1. c. d. e. remains of the 
sheathing layers the caudex.— Fig. 1 1. a longitudinal section 
of the same bulb.* a. the caudex ; b, c. d. the sheathing layers, 
which terminate in leaves. 
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the odorous, acrid, secreted juice which character 
izes it, is found in greatest quantity in the flesh; 
internal layers of the young hulbs * ; and conse 
quently these are the parts employed both inedi 
cinally and as a condiment ; whilst, in the mem 
branous layers of the ohi bulb, it is scarcely per 
ceptible either to smell or tp taste. 

Such are the charac;teristic distinctions of thos 
appendages of roots, which are denominatet 
hulhs. The^ have been properly regarded by Di 
Darwin -f* and others as subterraneous buds; ck 
as having a close affinity with the buds on th- 
stem and branches of perennial plants ; for, like 
these, they continue rather than reproduce the 
individual, and are liable to all the hereditary ira 
perfections and diseases of vthe parent. In some 
otlier particeilars also this resemblance holds good 
for, as in all plants which are furnished with buds 
those produced in the first years of the plant are 
leaf buds only, and a succession of these occur be 
fore flower buds are formed, so no flower bulb i; 
ever produced from seed ; the first formed beinc 
always a leaf bulb, which, in many instances (a? 
the Tulip for example), produces another leaf bulb 
and so on for several successive generations, unti 
at length a flower bulb is formed ; after which, om 

* In common language these yiu*' , bulbs are termed cloves 

f Phytologia passim. • 
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flower bulb at least is produced every season. 
Many circumstances connected with the physi- 
ology of bulbs might be treated of in this place ; 
but, as I shall have again to recur to them in no- 
ticing those bulbs which are formed on the stem, 
and .^ong the flowerslbf many plants, I shall 
I ,t present the further consideration of this 
our subject. 

1 ' being now acquainted with the forms 
characterize roots and their appendages, wc 
shall, in our next Lecture, finish the consideration 
of these vegetable organs. 
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the subject of the former lecture conti- 
nued. — OP soils and HANURES.— of the medi- 
cinal AND DIETETICAL PROPERTIES OP ROOTS. 

The usual situation of roots is in the ground; 
but many plants, although their seeds be sown 
in the earth, yet, will not vegetate in it, their 
proper soil being the bark of other living plants. 
8uch are named parasitical, owing to their nou- 
rishment being obtained from those plants on 
which they fix, and which they rob of a part of 
their juices, often injuring them to a very consi- 
derable degree. The, Misletoe (Viscum album)-, 
the Broom Rape, Orolianche ; the - majority of 
Lichens ; thS Mosses ; some of tl^ Ferns ; many 
of the Ondiis tribe ; those minute fungi, which 
produce the diseases of corn and of some grasses, 
known by the names of rust, blight, and mildew ; 
the Sclerotium crocorum, a sort of tuber which 
attacks the bulb of the Saffron ; and the Dry Rot, 
to the • destructive powers of which the noblest 
specimens of architecture occasionally fell sacri- 
fices ; are parasitic plants. Some of this descrip- 
tion of plants, however, orig ually grow in the 
earth, and do not lose their attachmeint to it 
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until they find another plant to lay hold of, and 
into which they can dip their caulinar roots, or 
rootlike absorbents, which are protruded from the 
stem, in order to share its nutriment, and on 
which they are afterwards supported ; as, for ex- 
ample, the Cuscuta, or>Podder *, which may be 
regarded as the natural parasite of our indigenous 
Heaths and Hops. 

i^me plants, after they iiave arrived at a cer- 
tain age, do not even rerfuire that their roots 
should be fixed to any spot ; but maintain life on 
what they can procure by absorpti m from the at- 
mosphere. Such are the Cacti, a cnrioxis tropical 
tribe of succulent plants; on which account one 
of the species, the Indian* FI^,, Cactus ipuntia, 
was recommended to the ii-ucu of seafaring 
people, by the late Dr. Anderson of Madras, for 
the purpose of supplying vegetable food on long 
voyages ; and as a preventive of lacurvy. But the 
most curious instance of this kind is the aerial 
flower, Epidendrum Jiosaerls^, an East Indian 
parasitical plant, which continues to grow, blos- 
soms, and even perfects its seed, when it is torn 

^ The Dodder germinates in the earth, and rising>above it, 
shoots out filiform stems, which twine around the neighbouring 
plants. Its original root now decays, and a kind of warty roots 
are formed in the stem at every point where it touches the sup- 
porting plant by which it is nourished. 

f Aerides matutinum of WUldenow. 
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from the tree on which it originally grew, and is 
suspended in the ceiling of an apartment *. Many 
aquatic plants, also, have roots which serve no 
other purpose than to fix them for a short time to 
the spot where they have germinated, from which 
they aftei*wards separate and float upon the surface 
of the water; thus the common Duck Weed, 
Lemna minor, which rises to the surface almost as 
soon as it has germinated, has filiform roots from 
three to six inches in length, which hang perpen- 
dicularly ill the water, and having no attachment 
to any body, allow the plant to float freely in every 
direction. 

Air. Macnab, superintendent of the Botanic Garden at 
Edinburgh, lias published an account of a suspended plant of 
Ficus Ausiralh (Ferrugineous Fig), which had grown for 
eight months, up to the time of publishing his paper, February 
7th, without earth, in the stove of that garden. The plant, 
which was originally growing in a pot in the greenhouse, on 
being removed into tln?^ stove, and treated in a peculiar manner, 
flirew out several roots from the stem ; after which the earth 
was gradually removed from the original roots, and the plant 
left suspended in the air, affixed to the frame of the stove. 
Water was, however, sprinkled over the whole plant every day. 

What,” adds Mr. Macnab, ‘‘may appear rather remarkable 
is, that though this Ficus is a plant by no means free in pro- 
ducing fruit in the usual way of cultivating it, this specimen, 
quite suspended, without a particle of earth, was loaded with Figs 
during the months of September, October, and part of No- 
vember.*’ Edinburgh Philo wphical , cnrnal^yol. iii. p.77. 
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All subterranean roots assume a particular di- 
rection ; which is constant in every individual of 
the same species of plant. They are said to be 
perpendicular (perpendicularis) when the caudex, 
or main body of the root, extends perpendicularly 
into the ground, as exeii^lified to the majority of 
fusiform roots (p, 130 ), and in the main or top 
root of most trees ; and horizontal (horizontcdis) 
when the extension is nearly parallel to the plane of 
the horizon, so that the root forms nearly a right 
angle with the stem or herbaceous part of the 
plant ; as, for instance, in Winter Green, Pyrola 
umhellata, Sweet Flag, Acorus calamus, and in 
the m^ority of the articulated roots. Many of 
the horizontal roots, whilst they run under the 
surface of the ground, push up stems at intervals 
so as to multiply the plant ; thence the appellation 
a-eeping roots (R. repens ) : as in common Spear 
Mint, Mentha viridis ; Couch Grass, Triticiim 
■r. repens ; Bulbife- 

rous Coral Wort, 
Dentaria bidhife- 
ra (fig. J") , and ma- 
ny other plants. 
And tliis proper- 
ty renders somp 
weeds extremely 
obnoxious to the 
farmer : for, if any portion of a creeping root be 
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left in the soil, it will throw up a new stem, which 
in its turn produces an extension of the root. But 
if it be injurious in some instances, it also serves 
very important purposes in the economy of nature. 
Thus the sand Reed-Grass, Carex armaria, by 
means of its creeping roots, binds together the 
dry sand of the flats on the sea-shore where it 
grows ; and assists not only in forming a fertile 
soil where sterility would otherwise reign; but 
by preventing the sand from drifting, preserves 
from destruction the neighbouring fields, which 
already repay the labours of the agriculturist. 

We must not, however, confound the creeping 
with the progressive root (R. progredims) , which, 
in extending itself, likewise shoots up stems and 
herbage at intervals ; since it differs in this cir- 
cumstance, that as it advances anteriorly it decays 
posteriorly; thus causing an obvious progression 
of the plant ; and at the same time limiting in a 
considerable degree its multiplication. Its direc- 
tion also is not necessarily horizontal, like that of 
the creeping root, but may be perpendicular ; the 
cause of the progression in that case being the 
production of a new root laterally : and, in this 
respect, these roots, although the caudexes are not 
tubers, yet have a close affinity with the attached 
tuberiferous roots. Thus the root of officinal 
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Monkshood, Aconitum neomontanum (6g. y), af- 
fords ail excellent 
example of the pro- 
gressive conical 
root ; a. the old 
root supporting h. 
the lower portion 
of the stem ; c. the 
new root attached 
by the lateral offset 
d. to tlie basis of 
the stem b. : so that 
the newstem, which 
should have arisen 
from the bud e. 
would have been 
about one inch from 
the old plant, had it been left in the ground. The 
moniliform roots (p. 142), also, are progressive; as 
those of Pasony, Pseonia officinalis, and night smell- 
ing Geranium, Pelargonium triste; but in these 
the progression is made by suekers thrown up 
from the nodules ; such roots in this respect re- 
sembling the tubers on the pendulous tuberiferous 
roots. The difference, however, between the 
progressive roots and the tuberiferous, is very ob- 
vious; the caudexes and nodules in the former 
being real .roots, furnished with lateral rootlets 
issuing from their surface; whilst the tubers, in 
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the latter, are uppendag-es only to the real roots, 
which are fibrous and issue from the basis of the 
stem, or the herbaceous part of the plant, and 
not from the surface of the tubers. 

Besides these roots which take the perpendi- 
cular, or the horizontal direction, there are some 
that assume an intermediate one, in which case 
the root is said to be ohliqiie (It. ohliqua) ; but, as 
in g-eneral, there is always an approximation either 
to the perpendicular or the horizontal, the tmly 
oblique root is very uncommon. In observing the 
position of roots in the ground, it should be recol- 
lected that it is the main root or caudex only which 
determines this point ; and that, whatever its di- 
rection may be, that of the rootlets is always dif- 
ferent: thus, in perpendicular I’oots, the rootlets 
spread cither horizontally or obliquely ; whilst in 
the horizontal and the oblique they descend per- 
pendicularly ; or, in every instance, they form an 
angle more or less acute with the surface of the 
caudex. The main root should be entire, also, be- 
fore its direction or chax’acter can be accurately 
ascertained ; for, if the apex be destroyed by any 
means, the caudex no longer elongates ; but sends 
off lateral shoots, which necessarily take an op- 
posite direction from that which is natural to the 
root. 

The situation of the root, in, regard to the 
stem or the herbaceous part of the plant, is ge- 

o 2 
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nerally at the base ; but roots originate from that 
part also of the stem which is above ground. Thus 
the Strawberry throws out lateral shoots, wliich 
are termed wires, from which roots descend at in- 
tervals into the ground; and from the stems of 
the Ivy, the Jasmine, the Ash-leaved Trumpet- 
flower, Bignonia rodicam, and other plants which 
fix themselves to walls and rocks, roots are pro- 
truded, serving equally to imbibe nourishment 
and to give support to those climbing plants. 
Whenever a stem is surrounded with earth, roots 
are protruded from it. Du Hamel filled a cask 
with earth, and boring holes through the bottom 
of it, supported it on stakes three feet from the 
ground. He then pushed slips of plants through 
the earth in the barrel, and planted their ends, 
which passed out at the holes in the bottom of the 
cask, in the ground below it. These ends took 
root ; the parts between the ground and the cask 
put forth branches and leaves ; those surrounded by 
the earth in the cask protruded roots ; and those, 
again, above it became clothed with foliage. It 
is, also, well known that, if a twig of a Willow be 
bent and each end of it stuck into the ground, 
roots will be protruded from both extremities, 
whilst the middle or arched portion will be covered 
with leaves and branches ; and the extremities of 
the branches of all ligneous plants throw out roots. 
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if they be bent down and laid under the earth. In- 
deed it is not absolutely necessary to lay them un- 
der the ground to j)roduce this effect ; for a ligne- 
ous plant growing in a sterile soil, provided the 
situation be shady and the air damp, will throw 
out roots from its branches, resembling those 
protruded by Ivy. I have in my possession a por- 
tion of the branch of a Bay, Laurus Indica, in the 
whole length on one side of which the bark is rup- 
tured, owing to the protrusion of numerous short 
rootlets. Tli(i plant from which this branch was 
cut, was growing (in 1814) in a kind of cave, 
formed by the intertwining roots of a noble Beech, 
on the summit of a chalky bank, in Lord Derby’s 
grounds, near Epsom. The chalk had mouldered 
aw'ay from under the roots of the Beech, which, 
projecting forward as a roof, shaded the Bay that, 
perhaps, had been originally planted close at the 
foot of the bank : but all the soil had been long 
since wfished away from its root, which adhering 
to the bare chalk, served no longer as an ab- 
sorbing organ, but merely to sustain the plant in 
its upright position ; and as there were very few 
leaves on the branches, the rootlets, which were 
protruded from them, evidently maintained the 
life of the plant, by absorbing the water held in 
solution in the air of the shady spot where it grew. 
On the knowledge of facts such as these, plants 
are propagated by what are called layers, an opera- 

o :i 
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tion, which consists in bending clown a branch, or 
the stem of the plant, so that the knee or bent 
portion of it can be preserved, by means of pegs, 
under the surface of the soil. The part so treated 
is nourished by the parent plant, until i*oots are 
sent off from the part under the ground, when it 
is cut away, and thus becomes an independent 
plant. Some plants naturally propagate, or rather 
extend themselves in a similar manner. Thus, 
from the branches of the Banyan or Indian Fig- 
tree (Ficus indicaj, fibres arc thrown out, which 
hang suspended like icicles, and grow thicker 
as they reach the surface of tlie ground, into 
which they strike root and become trunks, the 
branches of which root again in the same manner : 
and this progression of increase is continued until 
the ground is covered to a prodigious extent with 
an umbrageous labyrinth or grove, formed from 
one original trunk, impenetrable to the sunbeams *. 
One of these trees, called Cubber Burr, situated 
on an island . in the river Nerbedda, exceeded 
2000 feet in the circumference of its shade ; and 
in 1787, had 350 trunks. Religious festivals were 
held under its luxuriant canopy, which was ca- 
pable of affording shelter from the solar heat to 

* Pagodas are generally built in the neighbourhood of these 
trees; and under their friendly shade the Brahmins and de- 
votees perform th'^ir religious rites. 
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7000 persons. Milton has immortalized the 
Banyan, by describing it as the tree under which 
our first parents retired to hide themselves after 
their fall : 

They chose 

The Fig-tree ; not that kind for fruit renowned, 

But such as, at this day to Indians known 
In Malabar or Decan, spreads her arms 
Branching so broad and long, that in the ground 
The bended twigs take root, and daughters grow 
About the mother tree, a pillar’s shade 
High over-arch’d, and echoing walks between : &c. 

Paradise Lost* 

The structure of roots does not differ materially 
from that of the trunk and branches ; we may, 
therefore, reserve the minute examination of that 
part of our subject until we come to treat of these 
organs ; and, at present, notice only their general 
structure *. All roots are either ligneous or fleshy. 
The ligneous belong to trees and shrubs, and are 
composed of an epidermis or scarf-skin, a cutis 
or bark, a vascular system, woody matter, and 
pith. The fleshy, which belong to herbaceous 

* The analogy, indeed, is so close, that a tree may be in- 
verted so as to change the roots into brandies, bearing leaves 
and flowers, and the branches into roots producing radicles. 
This fact has been frequently proved, by repeating the experi- 
ment (first tried by Du Hamel) of planting a tree with the 
branches in the ground, and leaving the roots in the air ; after 
a season the buried branches produce radicles, and the roots 
raised in the air give out buds, stems, and leaves. 

o 4 
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plants, consist chiefly of cellular and vascular 
textures, interspersed with slender bundles of 
woody fibre. In both the epidermis or exterior 
covering is the same, and seemingly destitute of 
vessels : it is present in every stage of the growth 
of tlie root from its origin, on the radicle of the 
embryon, to the tangled rugged arms wliicli rivet 
down the venerable monarch of the wood, the 
pride of centuries : it serves tlie office of a filter, 
and allows nothing to pass through its pores that 
cannot enter the minute mouths of the absorbent 
vessels which open on the surface of the bark 
beneath it. The epidermis of roots is thus adapted 
for its situation in the moist soil; but, in oilier re- 
spects it does not differ from that which is spread 
over the stem, branches, leaves, and every other 
part of the plant. The JihrUs, which are attached 
to all roots, whatever may be their figure, are, as 
has been already stated, mere bundles of vessels 
enclosed in a cuticular membrane ; and, as they 
take up from the earth the food of the plant, they 
arc, in fact, the real roots; whilst the candex may 
be regarded as a magazine, in which the food that 
has been elaborated into the proper juice is de- 
posited for the particular uses of the vegetable 
economy ; and it is this deposition which affords 
the colour and odour which distinguish difTerent 
roots. 

With regard to the mode of growth of the 
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root, Mr. Knight has advanced sufficient reasons 
for believing that this organ is not an elongation 
of the radicle ; but is formed upon it after the 
germination of the seed by successive increments 
of new matter deposited at its apex ; for, whilst 
the root never elongates l)y the extension of al- 
ready organized parts, the radicle does elongate 
throughout all its parts in the germinating seed. 
The root, at first, consists of cellular matter only, 
contained in an epidermis, within which the cor- 
tical vessels arc afterwards generated ; the circle 
of vessels, says Mr. Knight, “ enclosing within it 
a small portion of the cellular substance, which 
forms the pith, or medulla of the root ; and these 
vessels gradually generate alburnum, which, in a 
transverse section of the root, appears arranged in 
wedges round tlie medulla.” The same able phy- 
tologist further maintains that root shoots ditfer 
‘from stem shoots in not being emitted from the 
alburnum ; and that the jirescnee of the alburnum 
is not essential is evident from the fact, tliat leaf- 
stalks, which contain no alburnum, nevertheless 
emit roots ; and these derive their existence, as in 
all other cases, from the proper juice conveyed in 
the returning vessels *. 

All roots have originally more or less of a 
tapering form ; wliich is partly the consequence 


^ rhlL Tr (impact ions y 1809 . 
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of their mode of growth ; for, as has been just 
stated, a root, in extending, is not lengthened 
through all its parts, but by additions made to the 
extremity, and as these, in the early stages of its 
growth, are made more rapidly than the alburnous 
depositions, which add to its diametrical dimen- 
sions, its shape must necessarily be tapering. 
That the longitudinal extension of the root is ef- 
fected by the deposition of new matter at its ex- 
tremity, was first ascertained by Du Hamel *, who 
having passed small pieces of silver thread trans- 
versely through a vegetating root, at distances 
which were accurately measured, found that the 
upper threads, those nearest to th(i stem, or herb- 
age, retained their original and relative situation, 
whilst that one only which was very near to the 
end of the root was cari-ied down ; and this is the 
case both in succulent and ligneous roots. The 
lateral extension, on the contrary, in succulent 
roots, appears to depend on tin; deposition of ad- 
ditional particles, throughout the whole of their 
substance ; and in ))ercnnial and ligneous roots, 
by the formation of an annual new alburnum, in 
the same manner, as I shall explain to you in its 
proper place, occurs in the stems and branches of 
trees and shrubs. When the extremity of a root 
is destroyed, or when the root has attained the 
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natural limit of its longitudinal extension, it 
throws out lateral branches ; and these extend with 
most vigour in that direction in which the most 
abundant supply of nourishment is to be found ; 
a circumstance which has been very unaccountably 
attributed by some to a sentient, or an instinctive 
principle in plants. The fact is, that the influence 
of a quantity of manure, or of richer earth, is 
not confined to the immediate spot where it is de- 
posited ; but extends to a certain distance in every 
direction, diluted, as it were, by the poorer soil, 
until its power is altogether dissipated : as soon, 
therefore, as any branch of a root impinges upon 
the limits of this circle, it obtains a su])ply of nu- 
triment capable of exciting its vital energy in an 
increased degree: and as this augments in a direct 
ratio, as it extends, this branch in length and 
vigour necessarily far exceeds those on the opposite 
side of the main root, which have had a more 
scanty supply of nourishment. Thus, also, if a 
seed of a tree, conveyed by the wind, or other- 
wise, as may accidentally happen, be planted on the 
top of a wall, its rt)ots will gradually extend until 
they reach the ground ; whilst the upright growth 
of the tree wall be very scanty previous to the root 
establishing itself in the soil. Sir J. E. Smith, in 
referring to a fact of this kind, communicated to 
him by the Rev. i )r. Walker of Edinburgh, regard- 
ing an Ash, which grew on a wall fn the Canon- 
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gate in that city, and which I have seen, explains 
it in the following manner: — “ Here the vital 
powers of the tree not being adequate, from scanty 
nourishment, to the usual annual degree of 
increase in the branches, were accumulated in the 
root, which, therefore, was excited to an ex- 
traordinary exertion, in its own natural direction 
downwards.” I would, however, say that it was 
owing to the moistui’c of the earth soaking into 
and ascending the wall, a fact which, from eveiy 
day’s experience, we know takes place, that tlu^ 
root extended in the direction of its natural stimu- 
lus, the moisture; the real exciting cause of its 
increased exertion : and the accuracy of this 
opinion is placed almost beyond controversy, by 
the experiment of Mr. Knight, which I am about to 
relate. Some Beans were placed in pots filled with 
earth, but were half covered only with tlie mould. 
The pots were then inverted on a grating of U'ood, 
so as to support the earth and the Beans, in such 
a manner, that the earth was above and the air 
beneath each radicle as it was emitted. Water 
was next introduced through the bottom of the 
inverted pots ; the radicles extended horizontally 
along the surface of the mould, and in contact with 
it ; and in a few days emitted many fibrous roots 
u{)wards into it, which passed through one half of 
the mould. We may, therefore, venture to assert, 
that ilthough the natural direction of the radicle 
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is, in every instance, downwards, depending on 
causes which have not yet been ascertained *; and 
although roots, during their growth, assume va- 
rious directions, which invariably occur in the 
same kinds of roots, yet, that circumstances con- 
nected with their mode of growth, produce devia- 
tions, and affect the uniformity which might 
otherwise be expected. But many roots not only 
vary fi-om their natural direction, but even change 
their characteristic figure, owing to circumstances 
connected with the state of the soil: thus, insu- 
lated trees, that are muc^h agitated by tlie wind, 
have strong lateral roots, forming a kind of net- 
work that adheres firmly to the earth ; whilst 
(he same description of trees, growing in a forest, 
has long slender tapering roots, 'fliis diversity 
may be thus explained : when a tree stands alone, 
the soil near the surface is partially loosened by 
the agitation of the tree by the wind, and conse- 
quently less opposition is afforded to the extension 
of the lateral branches of the root, than the un- 
moved ground offers to that of its perpendicular 
caudex ; whereas, when a tree grows in a forest, 
the mechanical obstacles offered to the extension 
of the lateral roots by the neighbouring roots, ex- 

* The different opinions that have been hazarded on this 
subject shall be noticed, when we take under our consideration 
the germination of seeds. 
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ceed those which the ground offers to the per- 
pendicular. Some Grasses, also, as the common 
Cat’s Tail, Phlcum pratense, floating Fox Tail, 
Alopecurus geniculatus, and others, which in a 
wet situation have fibrous roots, became nodose, 
when planted in a dry sterile soil : the cause of 
which cannot be better explained than in the 
words of Sir J. E. Smith. Presuming the herb to 
be starved, he adds, “ by a failure of the nutri- 
mental fluids hitherto conveyed by the water of 
the soil, its growth would be checked ; and when 
checked, the same growth could not, as we know 
by observation on vegetation in general, be in- 
stantaneously renewed. A sudden fresh supply of 
food would, therefore, cause an accumulation of 
vital energy in the root, which would consequently 
assume a degree of vigour and a luxuriant inode 
of growth not natural to it, and become bulbous. 
Thus, it acquires a resource against such checks in 
future, and the herb is preserved alive, though in 
a very far less luxuriant state than when regularly 
and uniformly supplied with its requisite nourish- 
ment 

The nature of the fibrils has been already 
mentioned. They may be regarded as the mouths 
of the plant : for, the extremities of their vessels 
being open, these suck up such fluid nutriment 


* Jntrod. to physioL and systematical Botany^ p. 115 . 
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from the soil as can pass through the pores of the 
epidermis, and conduct it to the caudex, or main 
root, through the vessels of which it ascends to 
the leaves : there it is as it were digested ; and, 
being changed in its properties, is again conveyed 
by another set of vessels to tlie caudex, in which 
it is deposited for the. future exigencies of the 
plant. As a proof that the fibrils are the only 
parts of the root whicli take up the nutriment of 
the plant from the soil, Mirbel remarks, that 
“ herbs perish at the foot of young trees, because 
the fibrils issuing from the collet (the point of 
connexion of the stem and the root) exhaust the 
ground ; but old trees extending their vigorous 
roots to a distance, allow the plants, which are 
close to them, to subsist and destroy those which 
are more distant.” It has not yet been ascertained 
whether the fibrils are strictly annual productions, 
an opinion which was maintained by Du Hamel *, 
Mirbel -f", and Sir J. E. Smith and adopted by 
Wildenow § ; but which is doubted by Mr. Knight, 
who, although he admits that in roots of trees, 
or ligneous plants, crowded together in a garden- 
pot, the fibrils are often found lifeless in the suc- 
ceeding spring ; yet, remarks that he has “ not 

* Ph^s. des Arbres, 
f Traite d* Anatomie, 

J Introd. to physiol, and system. Botany, 

§ Principles of Botany ^ tram. § 260. 
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observed the same mortality to occur, in any 
degree, in the roots of trees when growing, under 
favourable circumstances, in their natural situa- 
tion My own experience does not authorize 
me to decide with confidence on this question; 
but it rather induces me to incline to the opinion 
that they are annual productions. 

In duration, roots are either annual, biennial, 
or perennial. Annual roots belong to those plants 
which are produced from the seed, grow to their full 
extent, and die in one year or season ; as, for ex- 
ample, Barley, Hordeum secale; th(! White Poppy, 
Papaver somniferuni ; the common Pea, Pisum 
sativum ; the garden Bean, Wem faba, &c. ; bien- 
nial to those that live through the winter of the 
year in which they are produced, and after flower- 
ing and yielding seed, die in the following year, 
as the Carrot, Daucus carota ; the genus Teasel, 
Dipsacus ; the Canterbury Bell Flower, Campa- 
nula medium, See. : and perennial to those that 
blossom and produce seeds through many suc- 
cessive seasons, as the majority of herbaceous 
plants and all shrubs and trees. But the life of 
annual and biennial I’oots may occasionally be 
protracted much beyond its natural period, when 
any circumstance occurs that can prevent the 
plant from flowering, or, even when it does flower. 


* P/tiL Trans. Part J. 1809. 
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from perfecting its seed. Thus I have preserved 
the life of a Sweet Pea until after Clwistmas, when 
it was destroyed by the severity of the weather, 
by nipping off the flowers as soon as they were 
fully blown ; and plants of tropical climates, which 
are naturally biennial, sometimes live* for many 
years in our hothouses but they all imrariaC^y 
die after they have produced friut. The cause of 
this is, that the vitality of the plant| of this de- 
scription seems to be sufiicient for conrinuing tbdr 
life only till after the formation of the s^d, the 
natural means of perpetuating the species ; in per- 
fecting which, the irritaWlity and life of the in* 
diridual are completely exhausted ; and, with the 
plant, the root perishes. ■ In perennial plants, the 
fibrils only acmually perish and are renewed ; they 
decay before the leaves fall in autumn; and are 
again formed^ln the early part of spring. At least 
this is the opinion commonly received. The 
root, however, enjoys more vitality than any 
other part of the plan^ and can reproduce all the 
other parts, when the tree is cut down or otherwise 
destroyed; except in the Pine tribe and some 
q^er dry resinous plants. 

Such is the Roor-^an orgsm of the greatest 
importance, whether we consider it simply as fijdng 
the plant in the ground, and enabling it to elevate 
its leaves and flteters ill thp mr; qr, in a liiCTre 
important point of view, as’selecti%'aiid taking up 

VOL. I. p . • 
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from the soil the materials fitted for the nourish- 
ment and support of the vegetable body. 

It is a wise provision of nature, that as plants 
are not endued with volition and extensive loco- 
motion, nor guided by instinct nor reason, they 
are subject to more regular and unalterable 
laws than the animal creation, at least than that 
portion of it which possesses those functions which 
have just been enumerated : their food is always 
placed within their reach, and they enjoy good 
health and arrive at perfection in their growth, in- 
dependent of external accidents to which finiinals 
are equally liable, when they are situated wliere 
the soil contains those principles which are best 
adapted for the various purposes of their economy. 
The consideration of this fact suggests the ques- 
tions, — ^What is the composition of 'soils What 
part of soils is taken up as food by the roots of 
plants ? To answer them has long employed the 
attention of the philosophical observer, and many 
and very various opinions have been given to the 
public ; but it is only since modern chymistry 
made those discoveries which may justly be' re- 
garded as the «iost splendid triumphs of experi- 
mental Science, that any thing rational and satis- 
fectory has been advanced. I will, endeavour to 
lay before you as clear a view as I am able of the 
nft)st probable conclusions which may be drawn 
from these opinions ; and, in raising one comer of 
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the veil, remove much of the mystery with which, 
to ordinary observers, the subject appears to be 
enveloped. An investigation of this kind is as 
useful to the physician as to the botanist and agri- 
culturist; for, many of the exciting causes of 
diseases, particularly of Epidemics, are to be 
looked for in the nature of the soil and other local 
circumstances connected with the situations where 
they originate. 

The fact cannot be too often repeated and im- 
pressed on your minds, that plants are living 
beings, possessed of powers which enable them 
to convert into their own material substance, 
matters of a nature apparently very different from 
it. Without keeping this in view, we should be 
forced to look for all the different productions of 
plants ready formed in t^e soil where they grow, 
and to suppose that these are simply taken up by 
their roots, and deposited in tlif different {farts of 
the plant : an idea too incongruous to be admitted. 
On the contrary, they do not even take up those . 
principles which are most abundant in the soil 
where they grow; but select peculiar parts of 
them, although these are not, found, in general, 
forming in their uncombined state any part of the 
vegetable frame. Linnaeus himself, however, I 
believe, and many others, have imagined, that 
every soil held yi it something which is peculiarly 
the proper food of every kind of plant that can be 

p 2 
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cultivate on it ; and thus that poisonous plants 
extract something, on which their hurtful proper- 
ties depend, which is not taken up by wholesome 
plants ; or, that the secretions of plants do not 
vary in their qualities on account of the difference 
in the action of the 'wssels which secrete them ; 
but owi|)g to their components being already pre- 
sent in the soil. That this is not the case, how- 
ever, has been clearly proved by the discoveries 
of modern chymistry, which have enabled us to 
analyse both the soil and the vegetables that grow 
upon it. By its assistance the mode of investigat- 
ing the subject has been simplified, and more sa- 
tisfactory results obtained. 

The ultimate compmients of all the various 
substances produced by vegetables have been found 
the same, differing only^in the quantity and the 
mode of their combination ; and the parts of 
a soil which supply these have been found to be 
much fewer than was previously supposed. As we 
formerly asserted, when noticing the nature of 
sap, if this juice could be obtained near enough 
to the extremities of roots, or in the fibrils by 
which the soluble part of the soil is absorbed, 
then we should be able, by a careful analysis, to 
ascertain the real nature of the substances ab- 
sorbed ; and, by looking for these in soils, know 
how to supply their deficiency, or to diminish their 
superabundance. But as an accurate knowledge 
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of the components of sap cannot be obtained, 
owing to that fluid, as it advances, even in the 
vessels of the root, dissolving some already di- 
gested vegetable matter, which had been depo- 
sited there ^ in the preceding autumn, we are 
obliged to form conclusions certainly not free from 
error ; and to content ourselves with an approxi- 
mation only to the trutlv From the knowledge, 
however, which we do possess I will endeavour 
first to point out to you the known general com- 
ponents of natural soils ; secondly, what part of 
these is taken up as food by plants ; and thirdly, 
in what manner, and by what means, soils are 
improved and rendered more productive ; or to in- 
vestigate the general nature of manures. 

Every soil fit for yielding nutriment to vege- 
tables may be supposed to consist of earth, water, 
air,* a small proportion of metallic oxyds, and de- 
composing*vegetable or animal matters, in which 
are included salts, gases, and vegetable extracts. 

Earth, which is the essential basis of all soils, 
is, as it is commonly spoken of, a compound of 
different earths; the most general of which are 
Calcareous earth. Argillaceous earth, Silictous 
earth, Magnesian earth, and Ferrugmojfs earth. 

1. Calcareous earth comprehends lime, usu- 
ally combined with carbonic acid, in the state o1 
limestone, chalk, shells, and m^l which is £ 
mixture of carbonate of Kme ‘with clayey and 

p 3 *. 
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sandy matters ; but lime is sometimes, also, found 
in combination with’ sulphuric acid, forming' a 
substance called gypsum ; and more rarely with 
phosphoric acid. When too much calcaveous mat- 
ter is contained in a soil, it is unfertile, owing to 
its absorbing- moisture, and consequently remain- 
ing too dry. But the case is different when the 
calcareous matter is mix§d with silica, for then the 
moisture absorbed remains in a free state, and not 
so united with the chalky matter as to disappear 
and be useless to plants. Exit the absorbing pro- 
perties of all calcareous soils are not alike ; and a 
great difference depends on the degree of com- 
minution of the calcareous matter. Thus, 100 
parts of calcareous santl retain, according to Pro- 
fessor Schublcr’s experiments, 29 parts only of 
water, whilst 100 parts of the same matter in 
the state of fine powder retain 85 per cent.* In 
the first case, when calcareous earth, and silica 
predominate in an arable field, they produce a 
hot and dry soil; when in the second, a moist and 
cold soil. 

2. Argillaceous earth comprehends clay, 
which is generally mixed with siliceous sand and 
mineral substances, and is very retentive of mois- 
ture. 

3. Siliceous earth is almost entirely com- 
posed of sand. The water passes so readily 

that Very little is retained for the pur- 
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poses of vegetation ; and soils which contain much 
of thi^ earth are, therefore, barren and unpro- 
fitable. In the form of sand it retains 25 per cent, 
only of water ; while 100 parts of it, as it occurs 
with clay in an arable field, retain 280 per cent, 
of w'ater. 

4. Magnesian earth is not so commonly 
fcmnd as the eartljs we have already noticed. The 
magnesia it contains is combined with carbonic 
acid, and mixed with siliceous particles. It ap- 
proaches neai’est to the nature of the clayey earths 
in its power of retaining moisture ; that power 
enabling it to retain 4§ times its own weight of 
water. This renders it, when it predominates, very 
prejudicial to vegetation ; while it increases, when 
added in moderate proportion, the fertility of a 
diy sandy soil. 

5. Ferruginous earth consists of those oxyds 
of iron known by the names of o5hres and pyrites 
mixed with siliceous matter. Tliese oxyds, in parti- 
cular the pyrites, when in any considerable quantity 
in a soil, if it contains little calcareous matter, are 
extremely injurious to vegetation. The pyrites is a 
compound of sulphur and iron, and is converted by 
exposure to air and moisture into sulphate of iron, 
which destroys plants by over-^stimulating them. 

Vegetable earths have the least specific gravity, 
and sandy soils the greatest, whether they be dry 
or moist: the vegetable earths contain, besides 

p 4 
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vegetables in a state of decay, animal matter and 
a large proportion of salts, which are chiefly com- 
mon salt, sulphates of magnesia and of potash, 
nitrates of lime, and carbonates of potash and of 
soda. 


Such are the earths generally contained in 
soils : when any one%f them abounds, the com- 
pound earth is named after this component ; as 
for instance, a calcareous soil, an argillaceous 
soil, &c. 

The principal difference which characterizes 
these various kinds of earths, is their power of 
retaining the next component of soils, water. 
Water, as forming a part of soils, is either che- 
mically combined with the earth, or meirely me- 
chanically mixed with it, and retained in combi- 
nation by cohesive attraction. In the former 
state it is of no use to vegetables, in the latter it 
is essentially necessary for their support. If the 
soil be not sufficiently retentive, the plant is. 
starved, for nothing can be taken up from the 
earth which is insoluble ; and, as we shall show 
afterwards, water itself is a principal part of the 
food of plants. If the soil be too stiff and re- 
tentive, the water* remains upon its surface, and 
does not percolate to a sufficient depth to be ap- 
plied to the roots ; and if the vegetable be of a 
succulent kind, the herbaceous part remaining 
constantly surrounded with moisture has its vege- 
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tative powers weakened, and rots. This is par- 
ticularly the case in winter ; for, as the vital energy 
of the plant is then much lowered by cold, a dis- 
ease of the vegetable takes place, similar to what 
happens in a leucophlegmatic state of the animal 
body, from wliich the plant^arely recovers. The 
most efficient soil, as far as water is concerned, is 
that which contains a due mixture of carbonate- 
of lime, sand, and pulverized clay, with some ve- 
getable or animal matters ; and in which the ma- 
terials are so mingled as to remain loose and per- 
iiieahle to the air. This soil is calculated not only 
tc retain the water in proper quantity ; hut also to 
abt'Orb it from the atmosphere, which is one great 
soUi’ce of the supply that vegetables require ; for 
wate", as h;is been already remarked, is requisite 
for rendering the other matters in soils sufficiently 
soluble to be taken up by the roots of plants. All 
the earths are more or less soluble in water : thus 
lime is taken up readily in its pure state ; and also 
if the water contains much carbonic acid in solu- 
tion, when the lime is in the form of chalk, or a 
carboOate, in the proportion of about part of 
its weight. Clay is soluble in a minute proportion 
in imn* water : silica even may be retained in so- 
lution by the aid of carbonate of potash ; and in 
the minute state of division in which it is preci- 
pitated from an alkaline solution, it is soluble in 
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1000 parts of water: 2000 parts of pure water 
hold one of magnesia in solution. 

Air is, also, a necessary component of soils. 
Atmospheric air is absolutely necessary, as we 
know, for carrying on the process of germina- 
tion ; the more pu^erulent, therefore, the soil 
is, the more air it is capable of containing, and 
eonsequently is the better adapted for support- 
ing vegetation. But a soil which is too sandy, 
the M'^ater not being retained, although it appears 
to be loose, yet does not contain so much air en- 
veloped in it as is required ; for the small par- 
ticles of which it is composed apply more closely to 
each other, and lie in a smaller compass than the 
aggregated masses of a better soil, which touch 
at a few points only, ajid, therefore, leave more 
and larger interstices between them. When the 
soil is too retentive, the water' which remains on 
its surface evaporatas in summer, and deposit- 
ing the clayey particles which it held suspended, 
a kind of paste is left, Mdiich hardening, by 
being baked, as it Were, in the heat of the sun, 
no air can penetrate to the parts beneath it ; nor 
can that which has been already used in the ve- 
getative process, and which is unfit to carry it fur- 
ther on, escape :*and we know that as*atmosphe- 
rical air is vitiated by the roots of growing plants, 
and during the germination of seeds, a constant 
renewal pf it Is requisite for supporting the vigour 
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of vegetables. It is the oxygenous portion of the 
atmospherical air contained in the soil, which is 
vitiated by the functions of the roots of plants. I 
shall have an opportunity of demonstrating to you 
the importahcc of this agent in the process of 
germination ; and Sir II. Baijp'^ concludes," from an 
experiment on the vegetation of a Potatoe, in a^ 
given portion of atmospherical air, at a tempera- 
ture of 59', “ that in cases in which shoots are 
thrown out from roots, oxygene- appears to be 
uniformly absorbed, as in the germination of 
seeds Now, without stopping, at present, to 
inquire whether the opinion that it is absorbed in 
the process of germination be correct, it is evi- 
dent that no accurate conclusions could be der 
(luced from this experiment, because tubers per- 
form nearly the same functions in evolving the 
buds on their surfaces, as the seed-lobes in the 
evolution of the erabryon they enclose, during 
germination. To ascertain, therefore, the real 
manner in whieli the functions of the living root 
affect atmospherical air, I instituted the following 
experiment: — The roots of a Lilac, Syringa 
vulgaris, were partly laid bare, and one of them 
introduced into a cylindrical glass jar containing 
atmospherical air, freed fro^ carbonic acid, and 
inverted in water. At the end of four days, du- 


^Elements of agricultural edit. p. 233. 
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a chalk soil was heated to 69’ only under simi- 
lar circumstances. But when removed into the 
shade at 62 ’, the mould test, in half an hour, 
15 ’ ; and the chalk only 4“'*. In many respects, 
therefore, the con^dering caloric las a general 
component of soils, A not too great a refinement 
to be adopted. 

■ .i' ' ■ 

The last component of soils which we have to 
mention, has always bed^^garded as the most 
important of the whole. We allude to animal and 
vegetable matter in a state of decomposition, from 
which the black mould which constitutes the rich- 
ness of soils is almost altogether formed. But the 
analysis of some of the most fertile soils has 
proved, that their fertility does not def^pl on the 
presence of a large proportion of these substances^ 
Thus Sir H. Davy«found that the soil of a very 
fertile field in East Lothian, con^ned nine parts 
only in the hundred of decomposed animal and 
vegetable matter ; and a soil. from the low parts 
of Somersetshire, long celebrated for yielding laige 
crops of Wheat and Peans i^ithout manure, con- 
tained five parts of these principles only in the 
hundred’!'. It is ihilll^ true, that the carbonaceous 
matter contained in plants can be derived most 
easily from decompomg animal and vegetable sub- 

4 

* Elements of agricultural Chemistry, 2d edit. p. 179. 

t Ibid. - ' , 
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stances; but these also yield salts which prove 
highly stimulating to growing plants ; and although 
plants seem to attain great bulk imd vigour when 
much manure is applied j. yet they are over-sti- 
mulated, and their growth, ^'Ominected with dis- 
ease, in the same manner lis in an overfed and 
pampered animal, . The^^^n^^ state of lx)fh is 
altered ; premature age succeeds, and death ar- 
rives long before the '^riod when he should be 
naturally expected. Thosi; j)lants also which are 
inten(|ed for the food of man and animals, when 
reaiwd upon soil of the kind we are now noticing, 
yield less nutriment in the same bulk than that 
which more healthy plants yield, and it is also of 
an unud^esoine kind. Upon the whole, we may 
truly assert that more harm is done by loading 
soils artificially with much animal and vegetable 
matter, than l^e natural deficiency of it in soils 
can occasion. 

Such are the most general components of al- 
most all soils ; and as it is of much importance to 
know what is the composition of any soil, either 
in order to ascertain the probable causes of its 
fertility, with the view that l^s€ertile soils may be 

rendered similar to it ; or to estimate the value of 

-M- 

ground with which we are unacquainted, and *on 
which we have no opportunity of making experi- 
ments by rearing plants ; we will endeavour to 
point'out how this can be done. 
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When a exrn.iines a space of ground, 

lie forms aa «\-4tiinate of the nature of the soil by 
observing tln^;^|nd of pJantf^, or weeds as they are 
termed, which% nali.-odiy pr<;.luees, and draws 
his conelusiotts the . h howled ge'fe possesses 

of the relation whk*? J .v'ays subsists between the 
planUand the soil. ' td.uits are those which 
have much divided rov. be 5 .-.>j*cludes that the 
soil is pulverulent and easUf ; if the 

roots are thick and fleshy, that, as thcs.v rspiirc a 
humid soil, it is probable that it is utd re- 
tentive. Some kinds of plants grow^ onvtwte soil, 

" I ' I . 

but are never found on another; ^inc require a 
large supply of carbonaceous matter^ ricli • 

fertile soil; others, he knows, glean thd^vie iiif»v 
require in^he more barren, and soon die in. riel 
spots. But the knowledge of the Botanist, 
though it is an accurate guide to certain dv^rc^. 
in directing his judgment as to the value of h. 
cultivated soils ; and is valuable in preventing hiiu 
from making bad speculations by introducing new 
objects of culture int^ a pla^te which cannot admit 
of them ; yet it* is of little avail in examining soils 
under the immopli^e influence of cultivation. 
The experienced eye; of the fanner supplies much 
of* this defect. Ori^o loose and poor soils the 
roots of barley and other grs^ns are long, but the 
stems small and weak ; but in a richer and more 
tenacious soil the roots are short, thick, and very 
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closdy set with librils. The reason of these eir- 
eiiinstaiices is, that the root shooting out towards 
th<^ spots where tlie stiinnlns of nutriment is in 
greater {piautity, exhausts the little nourishment it 
can obtain in adding to its lengtii, and, tlierefore, 
an insnllieient supply is left for the stem and 
leaves ; hut in richer soils the whole of the fibrils 
being surrounded by nutritious matter, a greater 
(juantity is aetnally taken up by a much smaller 
snifaee of roots, and supplies more freely the her- 
baceous parts of tlie plants. 

'J’o as(;ertain the real nature of soils, chy- 
mistry must lend its assistance; and this mode 
of examination is undoubtedly the most cer- 
tain. Sir II. Davy has, however, justly re- 
marked, “ that the results of analyses consi- 
‘‘ dered as all'ording indications of fertility must 
“ necessarily differ according to the variations of 
“ climate, situation, and otiier eireumstances. 
“ Thus, the power of soils to absorb moisture 
“ ought to be greater in warm and dry countries 
“ than in cold and moist ones, and when the 
“ quantity of line argillaceous earth they contain 
“ is larger. Soils likewise which are situated on 
“ declivities, ought to be more absorbent than 
“ those in the same climate situated on plains and 
“ valleys. The productiveness of soils must like- 
“ wise, be influenced bv the natui’e of the subsoil, 
or the 'earthy and stony strata on whieli they 

Q 
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“ rest. Thus, a sandy soil may sometimes owe its 
“ fertility to the power of the subsoil to retain 
“ water ; and an absorbent clayey soil may oc- 
“ casionally be prevented from being barren, in a 
“ moist climate, by the influence of a substra- 
“ turn of sand or gravel.” Notwithstanding these 
obstacles, however, to the formation of perfectly 
correct results in the chymical analysis of soils, 
still, by observing the circumstances which may 
thus alter the properties of a soil, and making 
allowances for them, we are enabled by its means 
to form a tolerably accurate notion of the com- 
parative value of soils. 

When any soil is to be examined, the speci- 
men, which should never be less than three or four 
hundred grains, must be spread out to dry, and 
then carefully weighed. As it is of importance 
to discover the physical properties of a soil prior 
to its analysis, for these direct in some respects 
the experiments that may be necessary, the spe- 
cific gravity, colour, and consistence of the spe- 
cimen should be next ascertained. If a phial, 
which holds 400 grains of water, be half filled 
with that fluid and the soil introduced until the 
liquid rises to the mouth, and then weighed, the 
difierence between the weight of the soil and that 
of the water (which is known) will give the spe- 
cific gravity of the soil. Thus, if the phial filled 
as described gains 200 grains in weight, the gra- 
vity of the soil M'ill be 2, or double that of water 
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which is the standard ; and, if it gain 165 grains, 
it will be 1.825, water being 1.000*. A red or 
yellow colour indicates the presence of iron ; and 
the scratching glass when rubbed upon it, that of 
silex. A given portion of the soil is next to be sub- 
mitted to a degree of heat sufficient to dissipate 
the whole of the water it contains without consum- 
ing the vegetable and animal matter, or extricat- 
ing the carbonic acid gas from the lime and other 
calcareous substanc^es it may contain. The tem- 
pi'rature should not exceed .300'’ Fahr. ; or a piece 
■‘f wood may be laid in the dish in which the pro- 
cess is conducted, and whenever it “begins to be 
4 barred, the process must be stopped.” The 
specimen should now be again weighed, and when 
in 400 grains the loss is 50, the soil may be re- 
garded as highly absorbent and retentive of water, 
and to contain either much decomposing organic 
matter, or a large pi’oportion of clay ; but when 
the loss is under 20, it cannot be considered as 
either very absorbent or very retentive, and is pro- 
bably formed chiefly of sand. After bruising in a 
mortar the portion thus treated, the larger stones, 
gravel, and vegetable fibres should be separated 
by the sieve, and their weight noted down. 

The sandy matter, which is insoluble, is easily 
separated by boiling the specimen in three or 


* Davif's Elements of af^ricullitral Cln/mistry, 
q2 
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four times its weight of water, and when “ the 
“ soil is broken down and the water cool, by 
“ agitating the parts togetlier and suffering them 
“ to rest for a minute or two, and then pouring 
“ off the water with what it holds suspended in it. 
“ The repetition of this elutriation will at length 
“ free the sand from all the otlier substances, and 
“ that being thrown on a filter and weighed, the 
“ result will give the (juantity of uneombined si- 
“ lex in the soil.” The water of liKiviation nnist 
be preserved, as it will be found to eontaiu the 
saline and soluble animal and vegetable matters, 
if any exist in the soil. 

Calcareous matter is discovered by adding to 
the portion finally dejxtsitcd front the water of 
lixiviation a quantity of muriatic acid “twice the 
“ weight of the earthly matt('r ; but diluted with 
“ double its volume of water;” an effervescence is 
occasioned if lime, or any other <;alcareous sub- 
stance, be present, and muriate of lime is formed ; 
to separate which, and ascertain the quantity of 
the lime, the whole should be thrown into distilled 
water. The water dissolves the muriate of lime ; 
and the solution separated by filtration being eva- 
porated to a certain degree, carbonate of soda is 
next to be added to precipitate the lime. The 
weight of the precipitate, after it is washed and 
dried, gives the quantity of calcareous matter 
contained in the soil. If magnesia be present, it 
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is known by the same process ; but the precipitate 
must be washed with diluted sulphuric acid, by 
which means the lime is formed into insoluble 
j^ypsum, or sulphate of lime, and the magnesia 
into soluble Epsom salt. These salts can be easily 
separated by filtration and (aystallization ; and 
by knowing the quantity of each thus formed the 
r.eal quantity of lime and magnesia is ascertained 
by the following rule : 

100 parts ofgypsuni contain 48 of acid, 34 of lime, and 1 8 of water. 
JOG parts of Epsom salt 33 19 48 

The organized matter, or the animal and vege- 
table substance, is known by strongly igniting 
^rhat remains of the sjiecimen, after the calcareous 
maticr is separated, in a crucible over a common 
fire, until no blackness remains in the mass: 
the loss of weight denotes the quantity of organic 
matter. The clay is ascertained chiefly by sight 
and touch ; and the ready-formed salts by the 
evaporatiem of the washings of the specimen and 
crystallization. 

Such is the method of ascertaining the prin- 
cipal contents of any soil ; and its value may be 
computed by the knowledge we possess from the 
experience of agriculturists, as to the capacities 
of the diflerent earths for retaining water and air. 
When the examination is completed, the products 
should be numerically arranged, * and if their 

Q 3 
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quantities, added togetlier, nearly equal the ori- 
ginal quantity of the specimen, the analysis may 
be considered as accurate. Many little niceties of 
manipulation are necessary to be attended to; 
but, for these and other particulars requisite to be 
examined when the analysis is required to be very 
accurate, I must refer you to Sir H. Davy’s ad- 
mirable work on Agricultural Chymistiy, which is 
the source of much of the information contained 
in this Lecture. Let us now examine in what way 
the components of a soil affect plants ; and which 
of these are taken into the vegetalile system. 

The principal matter, undoubtedly, that plants 
take up from the soil is water; and from the results 
of several experiments in rearing plants in pure 
water, this fluid has been by many supposed to be 
the only food of plants. But when these experi- 
ments were repeated with greater cai e, and the 
water employed to moisten the pure sand in 
which the seeds were planted was distilled, the 
plants thus raised were found not to have gained 
any augmentation of vegetable matter ; and sel- 
dom or never perfected their seeds, although they 
flowered. In some cases, however, a small ad- 
dition of vegetable matter had been gained. We 
have already ascertained that the elements of ve- 
getable matter are carbon, hydrogen, and oxygen ; 
and as we know also that water is composed of 
hydrogen and oxygen, we can easily believe that 

4 
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these two elements can be obtained from the de- 
composition of this fluid by the powers of the 
plant; but, without the presence of any soil, 
whence is the carbon, which is required for the 
formation of the additional vegetable matter, ob- 
tained ? It has been suggested that the air is ca- 
pable of supplying this, and that the quantity of 
carbonic acid gas it contains, although small, is 
never wanting. It is, however, possible that it 
may have been atibrded by the water ; for although 
it was distilled, yet, as Sir H. Davy’s experiments 
have proved, distilled water may hold many sub- 
stances in solution, and these never can be com- 
pletely separated from it. But, if we even allow 
that water and air are the only sources from 
which the vegetable matter thus gained could be 
derived, we also know that many plants cannot 
be supported in this manner, and yet a direct 
supply of nutritious matter is indispensable to 
their growth and existence. Every fanner knows 
the fact, that many plants will grow only in cer- 
tain soils; and his art consists in supplying to the 
natural soils that part which is most essentially 
necessary for their support. As we have proved 
that the components of all vegetable matter are 
carbon, hydrogen, and oxygen, we must look for 
the supply of these ingredients in the soil : and 
it is from water and decaying organic matter 
that they are undoubtedly obtaine'd. From this 

q4 
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matter then the carbon is supplied ; and as water 
only, and those substances which it can hold 
in solution, can be absorbed by the mouths of 
the roots of plants, the carbon which is con- 
tained in the soil, separated from vegetable and 
animal matters by decomposition, must be dis- 
solved in the water in order to be taken into the 
system of the plant * ; and it thus becomes their 
proper food. 

If this view of the subject be correct, the art 
of the husbandman and horticulturist must con- 
sist in applying those substances to the soil which 
will promote the growth of plants wdthont over- 
stimulating them. The different matters known 
untler the title of manures, which are employed 
for this purpose, must act in four ways to pro- 
duce the effect required. 1. They must x’endcr 
the soil of that consistence which will enable it to 
retain a sufficiency of water ; but not too much. 
2. They must render it pulverulent to admit tlie 
roots of the plants to permeate, and spread freely 
in it. 3. They must enable it to admit and retain 
air in its interstices ; and, 4. fit it to form carbon, 
and afford healthy stimuli to the vegetable irrita- 
bility. The importance of a finely pulverized 

* The pores in the fibrils of plants are so minute, that a pow - 
erful microscope is required to discover them ; the extreme 
division, therefore, of insoluble matters, which pass into the 
vegetable system rfiay readily be conceived. 
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soil was first pointed out by Jethro Tull, in 1733 ; 
but although his ideas on this subject extended to 
an absurd degree, and led him to form a theory of 
vegetation altogether mechanical, yet the direction 
of the agriculturist to the importance of pulve- 
rization, has been productive of the most beneficial 
results. It allows of the easy extension of the 
roots of plants, admits a necessary supply of air 
during the process of germination, and assists 
those decompositions which arc requisite for ren- 
dering manure useful. 

The first place among the substances fit to 
answer the purposes already specified, is certainly 
due to lime. This substance acts upon soils either 
mechanically or ehymically; ami on the plants 
it acts physiologically. When in the state of a car- 
bonate, or united with carbonic acid, it is added to 
clayey soils, it acts mechanically by rendering 
them more free, loose, and pervious both to air, 
moisture, and the roots of plants : it acts chymi- 
cally when it is deprived of carbonic acid or is in 
the caustic state by destroying worms, and other 
insects hurtful to young vegetables ; and, by quick- 
ening the dec'oinposition of their dead bodies, ren- 
ders them useful to vegetation. In either state 
it neutralizes acids, and decomposes salts of iron 
and other injurious saline matters often contained 
in soils ; and by the healthy stimulus which it af- 
fords when in the state of quicklime it invigorates 
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vegetation both in young and mature plants. 
Lime also hastens the decomposition and solution 
of vegetable matter; and has been long known 
as a most useful manure when applied where 
half-decomposed vegetable matter abounds, as for 
example, in peat soils. The best corrective, there- 
fore, for ground that has been too much dunged 
is lime: and peat mosses *, which consist of vege- 
table substances, the decay of which has been sus- 
pended by the formation of a peculiar acid in 
them, are rendered arable and higlily fertile by a 
proper use of lime. In this operation the lime is 
combined with the acid contained in the moss, 
and also with carbonic acid, and remains as a 
component of the newly-formed soil. Every kind 
of quicklime, how'ever, does not answer for nia- 
nurc, and particularly that w’hich abounds with 
magnesia ; for although magnesia, Avhen united 
with carbonic acid, is a useful ingredient in a 
soil, yet in its uncombined state, or as calcined 
magnesia, which is that in which it must be, when 
magnesian limestone is burnt into quicklime-l*, it is 

* Peat appears to be formed by the occasional flooding of 
places where successive generations of vegetables have grown, 
and been allowed to decay undisturbed, until at length the de- 
composition is stopped by the water not passing off. The 
soil is thus rendered spongy, and an acid is generated which 
prevents the farther production of vegetation. 

f Magnesian limestones are easily distinguished by their 
dissolving very slowly in acids ; and by their rendering weak 
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injurious to plants ; as proved by the experiments 
of Mr. Tennant. When, however, even the best 
quicklime is too freely used, it becomes hurtful by 
over-stimulating the growing jilants ; and, there- 
fore, the more frequent and small application of 
it is preferable. 

It would be out of place in this Lecture to 
notice all the substances used as manures ; the 
object of all of them is either to alter the re- 
tentive quality of the soil, or immediately to 
supply carbonaceous matter to the plants. For 
these jmrposes, as occasion has required, clay, 
brick rubbish, limestone, marl, chalk, sand, 
gravel, have been employed as mechanical 
means * ; salts of various kinds as stimulants ; 
and soot, ashes, and dung, as affording the pro- 
per nutriment of plants. That salts arc taken 
up ready formed from the soil by vegetables is 
pretty certain ; Du Ilamcl and Cadet having 
established the fact, that, if the marine plants, 
which yield soda while they grow near the sea, 
be removed to inland situations, they gradually 
cease to yield soda, and at length potash only 
is obtained from their ashes -I-. We shall merely 

* Wet clay can be burnt to powder if put into tlie fire un- 
compressed, and consequently prove useful as a manure. Me- 
mob s of Lord Kames. Appendix^ p. 224^. 

•f Even earths, although they cannot be converted into or- 
ganized matter, yet, when in a state of extreme division, are 
taken up by tlie roots of plants, and deposited in various parts 
of the vca’etable -- c- . . 
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notice, with regard to dung, that when it is com- 
pletely rotten it does not afford much soluble 
carbon, owing to its having become as it were ox- 
ydized and the carbon being converted into a real 
charcoal ; other principles also, such as carbonic 
acid and ammonia, useful both as stimuli and nu- 
triment to plants, are dissipated during tlie violent 
fermentation, which is requisite to reduce dung 
into this state. Fresh dung, or that whicli is not 
completely rotten, on the contrary, benefits not 
only the present crop but several subsequent ones, 
as its good effect continues as long as the process 
of decomposition goes on. That many of the good 
effects of fresh dung depend on the extrication of 
heat is evident; and I am inclined to think it 
is to this agent, chiefly, that must be attributed 
the great superiority of the green vcgetalik* matter 
used as manure, in some ex])erinients detailed by 
Mr. Knight, in the Horticultural Transactions * ; 
and not, as that gentleman supposes, to the nutri- 
ment of vegetables being more easily assimilated 
into the substance of the living plant, tlie less it 
has passed from the state of living vegetable 
matter. 

Such are some of the facts relative to soils, 

epidermis of the Equisetum, Mare’s Tail, that it is used by 
cabinet-makers for polishing furniture : and it is also found 
composing part qf the epidermis of Wheat, Oats, and some 
other grasses. 
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manures, and the food of plants, whieh the con- 
sideration of the structure and the use of roots to 
the plant have sugj^ested. It may be thought that 
I have travelled out of the proper path, in giving 
even the slig’ht view of them which I have at- 
tempted ; but my object is to excite those who 
have leisure and opportunity to examine more 
clos('ly a subject so intimately connected with 
the ])rosperity find happiness of our country, and 
the most essential interests of the human race. 

\A"e hiiv'e noticed the importance of the root 
fis ;i vegetiible organ, but it is not less interesting 
fis yielding medicinal agents, supplying dying 
mfiteriiils, and fiftbrding an abundant store of food 
for man and other animals. Many of the secreted 
juices of plants which are de[)osited in the roots, 
[larticulai'ly v hen the stems annually decay, pos- 
sess medicinal properties. Indeed, there is scarcely 
one of the divisions of the Materia Medica in 
whieh some of the roots, or their appendages, are 
not to be found. Thus, among the emollients we 
find the roots of Marsh Mallow, Althaea officinalis, 
of Sarsaparilla, Smihix sarsaparilla, and of Liquo- 
ri(fe, Glyeyrrhiza glahra, yielding demulcent and 
saccharine mucilages. Among stimulants, which 
produce their specific action on particular or- 
gans, the bulbs of the white Lily, Lilium can- 
didum, and of Garlick, Allium sativum, may be 
employed to affect the skin as rubefacients and 
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epispastics; the roots of the Florentine Iris, Iris 
Florentina, and of White Hellebore, Veratruni al- 
bum, as errliines, to stimulate the olfactory nerves 
and promote a discharge from the nostrils ; while 
Pellitory root, Athcrais Pijrethrum, and the roots 
of Mezereon, Daphne Mezereon, Horse-radish, 
Cochlearia Armoracia, and Cnekow-pint, Arum 
maculatum, contain acrid matters which, when 
the roots are masticated, stimulate the salivary 
glands, or act as local sialagogucs. From Ce- 
phaelis Ipecacuanha we obtain our most useful 
emetic ; and several other roots, as those of Viola 
parviflora, V. Ipecacuanha and V. Calceolaria, 
Cynanchum Ipecacuanha and C. tornentosum, 
Dorstenia Brasiliensis and D. arifolia, possess 
also useful emetic properties. The best Cathar- 
tics are obtained from roots, as, for example, 
those of Rhubarb, Rheum palmatum, of Jalap, 
Convolvulus Jalapa, Scammony, Convolvulus 
Scammonia, Bryony, Bryonia alba ; and that fa- 
vourite of the ancients, black Hellebore, Hellebo- 
rus niger. The roots of Burdock, Arctium Lappa, 
Eryngo, Eryngium maritimum, and Dandelion, 
Leontodon Taraxacum, are diuretic, or augment 
the urinary discharge: — as remedies possessing 
the power of increasing the natural exhalation by 
the skin, or diaphoretics, we may mention Snake- 
root, Aristolochia serpentaria, the roots of Contra- 
yerva, Dorstenia Contrayerva, and of Mountain 
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Arnica, Arnica montana ; and as expectorants, Se- 
neka-root, Polygala senega, and the bulb of the 
Squill, Scilla marithna. That division also of the 
class of stimulants, whicb comprehends those re- 
medies that exert a general operation on the sys- 
tem, is equally rich in roots : thus, among the 
permanent stimuli we find the roots of Common 
Avens, Geum urhanum, Bistort, Polygonum Bis- 
torta, Tormentil, Tormentilla erecta, and of the 
Water Dock, Ilumex ar/uaticus, employed as astrin- 
gents ; and those of Sweet Flag, Acorus Calamus, 
Ginger, Zingiber officinale. Sweet Fennel, Anethum 
Fceniculnm, garden Angelica, Angelica archange- 
lica, Zedoary, Curcuma Zedoaria, Yellow Gentian, 
Gentiana lutea. Elecampane, Inula Helenium, and 
Calumba, as aromatics and tonics. Among the 
diffusible stimuli the root of Thorn Apple, Datura 
stramonium, is narcotic, and that of Valerian, Va- 
leriana ojpeinaUs, antispasmodic ; whilst the bulb 
of Meadow Saffron, Colchicum autumnale, besides 
acting as a cathartic, exerts a directly sedative 
effect on the nervous energy. 

As agents in the art of dying, the chief colour 
that roots impart is red; in producing which, 
those of Madder, Rubia tinctorum, and of Alka- 
net, Anchusa tinctoria, are of great importance : 
various shades of this colour are also obtained 
from the roots of several species of Bed-straw, 
Galium ; and a very beautiful, but less permanent 
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tint, is yielded by the slender roots of Indian 
Madder, Oldenlandia umbellata. The proper juice 
of the Blood-root, Sanguinaria Canadensis, is 
bright orange, and that of the Celandine, Cheli- 
doniuin mqjus, is yellow; but I am not certain 
that either of these have been employed as dye 
stuffs. 

But it is in furnishing food that man has most 
successfully exerted his ingenuity on these vege- 
table organs. The roots of many jilants, which 
in a state of nature are small, have been enlarged 
by cultivation, and rcmlered capable of yielding 
a considerable supply of nutritious aliment ; for 
example, the Carrot, the Turnip, the Beet, and 
the Parsnip. Roots that are acrimonious and 
poisonous when raw, are so altered by the art 
of cookery, as to become mild, nutritious, and 
wholesome food, owing to heat destroying the 
acrimony upon which their injurious properties 
depend : and, even by simple elutriation, one of 
the most virulent of poisonous roots, that of 
Jatropha manihot, is converted into Tapioca, a 
mild fecula, well known for its nutritive qualities, 
and universally employed as an article of diet in 
convalescence and by persons of delicate habits. 
By similar means many other roots, also, which 
are now regarded as hurtful, might be rendered 
inert ; and large additional supplies thus afforded 
to the vegetable stores already selected for the 
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. LECTURE VI.' 

THE STEM — rrs DIRECTION — DIVISIONS AND BRANCH- 
ING COVERING — COLOUR FIGURE. CLASSIFICA- 

TION OF STEMS. 

Having finished the consideration of the root, 
I have now to direct your attention to the two 
next divisions, in our enumeration of the parts of 
the plant, the stem and the branches. These or- 
gans are generally above the surface of the ground, 
and consequently in sight : I therefore propose, in 
order to methodize our investigation, to view them 
in the first place, simply as they are presented 
to the eye, in the entire plant ; then more closely 
as regards those external properties on which Bo- 
tanists have founded their classifications of them ; 
and lastly, to demonstrate the anatomy of |heir 
internal structure : thus preparing you to under- 
stand more readily their physiology. You shhuld, 
however, be previously informed, that the s|em and 
branches are organs not essential to the vegetable 
structure, although they are so to the plants in 
which ^hey are found ; for, independent of some 
Lichens, and many species belonging to those 
tribes of vegetables which Botanists jbave deno- 
minated imperfect, they are never pi^ent in many 

VOL. I. R 
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Other plants, the foliage and fructification of which 
spring directly from the root or some of its ap- 
pendages ; as, for example, the Meadow Saffron, 
Colchicum autumnale ; stemless Asphodel, Aspho- 
delus acaulis ; and stemless Artichoke, Cynara 
acaulis, &c. These plants are nevertheless perfect, 
and capable of performing all the functions ne- 
cessary in their economy ; the term imperfect, as 
I formerly Observed, being applicable to indi- 
viduals only, in which the organs necessary for 
canning on the functions of the plant and pro- 
viding for the continuation of the species arc de- 
fective. 

Under the general name of stem is compre- 
hended that portion of a plant which, proceeding 
from the upper part of the root, affords support to 
the branches, the leaves, and the fructification ♦. 
If we take a view of the vegetable kingdom^ we 
are struck with the wonderful diverfity in the 
size^ direction, form, and exterior aspect of this 
part of plants. How great is the difference 
in strength, for example, betwixt the delicate 

^ ** Truncus inultiplicat herbas, et immediate a radice 
** ad fructificationem ducit> vestitus foliis, terminatus fructifi- 
catione.7 PhiL BoU § 81. 

“ folia et fructificationem profert.'^ Ibid. § 82. 

Tige support principal des parties du vegetal quis’^levent 
•• au dessus de terre.” Mirbel^ '’Elemens^ p. 622. 

Willdenow denominates it the stock (cormiisj* Prifi* 
^plci of Botan^i § 15. 
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Hail-bell, and the rigid trunk of the majestic 
Oak! and in position and altitude, betwixt the 
creeping BramWe and the towering Palm, rising 
to the height of upwards of two hundred -feet ! 
Some of the climbing plants have been found, 
when untwisted, to be five hundred feet in length ; 
and Captain Cook obsei-ved, that in parts of the 
ocean, where th#soundings were upwards of thirty 
fathoms, the sea- weed stretched in a direct line 
from the bottom to the surface df the waves. The 
diversity in the thickness or diameter of the stem 
is not less remarkable. In the Club-rush, Scirpus 
capillaris, it is quite a hair, while Swilcar Oak, 
on the contrary, is thirteen yards in circumfereode 
round the base*of the trunk, and eleven yards it 
the height o’f four feet from the ground ; in Ches- 
nut trees it has been known to acquire, even in 
Great Biltain, forty feet in circumference j and 
we are informed that the trunk of the Calabash 
tree, Adaqsonia digitata, which grows on the coast 
of Africa, although not more than twelve or four- 
teen feet in height before it branches, is frequently 
twenty-seven feet in diameter*. Such is the 
amazing extent to which the stem jnay attmn ; 

* “ The branches of^the Adansonia, which are numerous 
“ and thick, extend from thirty to sixty feet out from if m 
‘‘all directions ;^and the hollow trunk is oft^n the dwelling of 
“ several negro* families.” Fam. des Plaxdeti^Prtf. ccxii. 

K 2 
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but the necessities of men seldom permit trees to 
arrive at their utmost growth ; and, to quote the 
words of an elegant writer, “ Nature preserves her 
“ magnificence in those places ofi|y, where man 
“ cannot assert his empire.” 

Although almost* all stems rise out of the 
ground, yet, no minute inspection is required to 
perceive that they do not all assume the same 
direction. Some stand erect, televating their 
foliage in the air; others approach to the perpen- 
dicular only; some, too lax even to support their 
own weight, raise themselves by twining around 
those which are more rigid, or climb by the aid of 
various appendages ; while others agmn lie pro- 
strate,, <Jr creep along upon the surface of the 
earth. Each of these peculiarities has been no- 
ticed by .Botanists, and named. A stefn is said to 
•be, 

1. Erect (erectus^ verticalis, perpendum- 
laris), when its position forms nearly a right 
angle with the surface of the soil from which 
it rises, provided that surface be almost parallel 
to the . horizon. There are four varieties of the 

' * I use the word almost, becaRse many plants that appear 
tQ be stemless, have^a cylindrical caudex rising from the real 
root, which is very deep in the ground, to the surface of the 
earth, where it gives off a tuft of leavdiand flowers; as in com- 
mon Mousetail, Myosurus minimus. This portion does not 
jperform the offic''of a root, and, therefore, tft may be- con- 
|dered as participating of the nature of a stem.' 
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erect stem, derived from the character of ^he 
line it produces from the base 
to the apex. An erect stem is ^ 

a. Straight (strictm, rectus, 
rectilineus) (fig. a), when it has 
no natural curve in any portion 
of its length, however] thickly 
branched it may be ; as, for ex- 
ample, that of the Silver Fir, 
Pinus Picea (a), among trees ; 
and of Spear Mint, Mentha vi- 
ridis, among herbaceous plants. 

b. Flexuose (Jlexuosus) 
(fig. h), when it is naturally 
a regulm* zigzag, so as to fohcn 
alternate obtuse angles from 
right to left, and from left to 
- right * ; as in Box-leaved 
Staff-tree, Celastrus huxifblius 
{h ) ; and common Birthwort, 
Aristolochia Clematitis. 

c. Tortuous (tortuosus), 
when it is curved or writhed 
in different, directions, but 
not regularly as in the flex- 
uose stems. 

* Flesuosut, secuodum articulos horsum voniun flexua ; « 
PleUa,*’ Phil. Bot. § 82. 
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. d. Nodding (nutans, cernuus) (fig. c), when 

near the summit 
only it takes a di- 
ction more or 
less towards the 
horizon, the low- 
er portion being 
quite erect ; as in 
the Cedar, Finns 
Cedrus, and So- 
lomon’s Seal, Po- 
lygpnatum pml~ 
tiflora (c). 

2. Oblique (ohliquus) is the term employed 
to designate the elevation of a stem, the direc- 
tion of which is diagonal to the plane of the 
horizon. There are three varieties of the oblique 
stem. It is said to be ^ 

a. Ascending (adftcendens) (fig. rf),i5|»hen its 

lower porticM forms 
a curve, the con- 
vexity of whidh is 
towards the earth, 
or rests upon it, and 
the summit rises per- 
pendicularly ; as ex- 
emplified in many of 
the Grasses {d) ; in Common Toad Flax, The- 
sium linophyllum ; common Clover, Trifolium 
•^atense ; small Carex, Carex dioica, &c. 
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i. Declined (declinatuSireclinatus), when the 
lower part of the stem rises obliquely from the 
ground ; but the upper bends towards it, form- 
ing an arch as in that of the Fig-tree, Ficus 
carica. 

c, Incurvated (incurvus), when the stem 
rises and bends as in the foitner; but with 
the apex turned inwards, as in that of the com- 
mon Bramble, Rubus^M#ico«M. * 

3. Supported (fulcratus) (fig. e). A supported 

stem appears as if 
it were propped by 
a number of other 
stems that surround 
it, inclining towards 
each other, at t^eir 
summits, until they 
seem engrafted into 
the base of the stem 
which they support: 
as in the Mangrove, 
Rhizophora mangle^. 
This curious appearance is occasioned by the 

* “ Redinatus, arcutitiril versus terrain ; Ficus.” Phil. 
Bot. § 82 . 6 . ^ 

+ This specif of Rhizophora is found in Asia, AfHca, 
and South America, growing in marshy and flooded flats, in 
creeks,, and at die mouths of rivers. ^ 

R 4 
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original trunk sending off two distinct kinds of 
branches : those at the summit bear leaves and 
the fructification, while the lower are leafless, 
and bend down until they tot^ft the ground, in 
which they root, and are changed into real stems. 

4. Climbing stems (scandentes) are those 
which, being too delicate and flexible to support 
themselves, require the aid of some perpendi- 
cular body to enable them to elevate their foliage 
and fructification in the air ; and this is accom- 
plished by one or other of the following means : 

A st^. is denominated 
a. Twining (vtiluhili^), when it winds Itself 
spirally round any Other plant or upriglut slen- 
der body*. This motion is performed *inva- 
viably in one direction by all the plants of the 
same species ; and is so natural to them, that if 
it be forcibly reversed, the plants will untwijae 
themselves, and agmn assjume th^|^irection 
peculiar to their species, l^en *the tinning is 
from left to right, or following the apparent 
motion of the sun, as in Woodbine, Loni- 
cera Periclym&mm; or the Hop, Humulus 


* VohhUis spiraliter ad8cen4ens per rapium alienum. 

“ Sinistrorsum S secundum solem vulgo : Humulus, 


“ Hdxine, Lmdcerat, Tamus. 

^xtrorsum ]) contra motum solis vulgi ; Convolvulus, 
iBsstsila, Pkaseaius, Cynasscke, Euphorbia, E^^pttorium.” Phil. 


' Bot. § 82. 5. 
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lupulus (fig. f, 1), it is termed nnistrorsum ; 

and wheYi it 
takes the op- 
posite direc- 
tion, or from 
right to left, 
as in the Scar- 
let Bean, Pha- 
seolus multi- ' 
Jiorus, the 
Great Bind- 
wet^, Convol- 
vulus sepium^ 
or smooth Pe- 
riploca, Peri- 
ploca laevigata 
(%• /, 2), 
dextrorsum. 

The v^use of ^ this spiral motion of twining 
steinl I will endeavour to, explain, when we ip- 
quire into the movements of plants. 

* h. Radicating (radican^, when it sends 
forth from one side short, fleshy, root-like 
fibres, by means of which the plant elevates 
itself on the perp^dicular surfaces of walls 
and rocks; as in the Ivy, Hedera helix ; 
(fig. g, 1. see p. 250), Ash-leaved Tnlropet- 
flower, Pignonia radicans, &c. In gentt^l 
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these root-like 
appendages in- 
sert themselves 



vices of the 
wall or. rock, 
on the face of 
. which the plant 
clinibs ; but, 
in some in- 
stances, they 
operate Kke 
the feet of flies, 
and of , those 
lizards that 
, have the power 
of running up smooth perpendicular walls 
and along the ceiling|^ of rooms ; or ratto* 
like the suckers which boys employ #ii* lifting 
stones, and which adhere, by the - closeness 
of their application preventing any air from 
being interposed ^between them and the spot 
on which they are allied. Some Botanists 
imagine that these caulinary radicles differ ma- 
terially from the roots thrown oiit by the stems 
of creeping pljj^nts ; and that they do not im- 
bibe nourishment*;- but in my opinion the 

^ Such is the' opinion of Sir J. £. Smith (sec Introd, to 
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* difference is more imaginary than real; for, 
if they cannot enter into crevices, they stretch 
down towards the earth to a considerable ex-- 
tent; for if , a shoot of Ivy happen to lie 
upon the ground, the radicles, which would 
have remained short had it ascended’ the wall, 
extend into real absorbing roots (see fig. g, 
2, d h).. They are, also, always protruded from 
that side of the stem wliich is farthest from 
the light and air, and consequently the 
moistest; and, thence, the opinio^ that they 
<|q not absorb is at least problematicHl. 

Climbing (scandens), when it is fur- 
nisheli with tendrils, which are filiform spiral 
appendages, that twine round the branches 
and twigs of upright plants ; which are thus 
enabled to elevate their foliage and fructifica- 
>*tion: as in the Vine, 3 ,'Vitis and all 

the ^fecies of Passion-flower, Passiflora, &c. 
In s6me climbing plants, which are not fur- 
nished with tendrils, as for instance, purple 
Virgins Bower, Clematis viticellay and Bitter- 
sweet, Solanum Dulcamara, the petioles or 

phys. and system. Botany^ p. 118). Linnaeus, on the contrtry 
(PhiL Boi. § 82, p. 8), seems to have confounded the creeping 
with the climbing" radicating stems, in the following defini- 
tion : “ iZqciaw^^radiculas hinc exserens procumbendo ; 
Bignonia?^ ^ 
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, footstalks of the leaves serve the purpose, o^ 
tendrils, and twine round the props upon which 
the plants climb. 

5. Decumbent (decumbens)^ a term given 
to a stem when it rises a little upright at its 
base ; but has its upper portion bent down towards 
tbe ground, so that the greater part of it is 
procumbent. 

6. Procumbent (procumbens, prostratm, hu~ 
mifmus) implies that the stem, being too weak 
to suppoi^ Itself, lies flat on the ground * ; as 
ih BeartiOTry, Arbutus uva ursi, Scarlet Pimpernel, 
Anagallis arvensis, &c. Many procumbent Items 
throw out roots from the under surface,’ thereby 
receiving nourishment in their progression; and 
this circumstance constitutes a variety, which 
has been dAominated 

a. Creeping (repels) (fig. ft)- It deull^ 



' is. * “ Procumhms, horiiontaliter supra terrain.’* PhU. Bet- 
Vss, p. 7. 
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that the stem extends horizontally, or on the 
surface of the ground, and sends out roots 
from below; as in lesser Periwinkle, Vinca 
minor (h), and Ground Ivy, Glechoma hede~ 
racea. Linnaeus, Sir J. E. Smith, and some 
other authors, describe another variety of the 
procumbent stem under the ^ term trailing or 
sarmentose (sarmentosus *J : but the sarment 
is", prdperlj speaking, not a stem, but merely a 
runner v^ich performs the same furictiohs as 
the underground runners, to ' ^i^ pend%t 
loi|s tubers are attached. It is, in fact^, a vas- 
cular cord, intended to place the lateral pro- 
geny of the plant at a convenient distance 
from the parent, and to convey nourishment 

to the offset until such time as it takes root 
♦ ^ 

and is capable of supporting itself. It is at 
*^st sent off from the neck or collet of the 
, root ; but, afterwards, it gives off itself roots 
at the points where the offsets spring; and, 
as the manner in which this is effected va- 
ries, it is of different kinds ; but these shall 
be demonstrated when we investigate the ap- 
pendages of the stem. The swimming stem 

* “ Sarmentosut^re^ena, subundus est.*’ PMl. Bot, § 82. ' 9. 

“ Sarmentosus, traQing. A creeping stem, barren of floorers, 
“ thrown out from the roots for the purpose of increase, .1^ 
called sarmentum or flagellum, a runner.” Smifh’t Inttv^ 
duction, &c. p. 120. * 
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(C. natans) has a much better claim thau the 
sarmentose to be ranked as a variety of the 
procumbent stem, as it is a real stem, and 
lies floating on the surface of the water, throwing 
out radicles from the under side : the Floating 
Club-rush, Scirpus jluitans, is an example. 
The term natam for denoting this position of 
the stems of aiquatics is of importance in a 
systematic point of view, and is ^i^ed in Con- 
tradistinctum to sunk (demersm) which im- 
j|>lies the stem lies below the surface, as 

in coirimon Hornwort, Ceratophyllum demer- 
sum. ’ i 

Besides the diversity which prevails in ' the 
position or direction the stems, we perceive, in 
glancing the eye over the vegetable kingdom, that 
they present much variety, also, with respect to 
general form. Thus, some are simple or u^i- 
vided, while others are divided and subdivided 
into very minute ramifications. v 

• 1. The UNDIVIDED or simpue stem (C. sim- 
plex) consists of one piece only, without any 
branches bearing leaves; although the flower- 
stalk may be divided ; as exemplified in knotty- 
rooted Figwort, Scrophularia nodosa. When, 
however, there is no division ev^ of the flower- 


ji^lk, but the whole stem Is one rod or column 
Hbm the base to the summit, and is terminated 

' 4 , ■ 

by a single flower, or a simple spike, it is 
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then termed very simple (simplicissimus) ; as in 
Bistort, Polygonum bistortOf the Date Palm, 
Phoenix dactylifera, &c. 

2. The DIVIDED stem, owing to the parts into 
which it divides being termed branches (rami), is 
denominated branched (ramosus *) ; and the 
manner in which this is effected produces diver- 
sities in the general aspect of plants of' great 
importance to the systematic Botanist. It af- 
fords, also, a kind^ of physiognomical character 
to each species, by which it is ilaan^i^tely^ili 
cognizable to the eye of observation ; and the 
perceiving this chaiticter, and detaining a clear 
impression of the perception in the memory, ought 
to be strictly attended to by the student. It af- 
fords him a sure guide to the more particular ex- 
amination of vegetable nature ; associating the 
mipute characteristics of each specie^ so closely 
with its general features, as to call those up ra- 
pidly in the memory, whenever these present them- 
selves either to the eye or the imagination ; and, 
in Botany, you will soon be convinced how es- 
sential it is to fix, in as practical a manner as 
possible, everf impression which the examination 
of plants can^ make on the mind. The greater 
masters of the bid schools of painting were fully 
aware of the 

* “ Ramosus est ramis lateralibus instructuSk” Rhil. Rot. § 82 .^ 1 . 


importance of studying the phys« 
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gnomy of plants, especially of trees ; and they 
carefully transferred it to their canvass. Thus 
you can recognize in their landscapes, as in na- 
ture, a Poplar, a Willow, the Cedar, an Elm, 
an Oak, or any other tree; whereas, the general 
term trees is sufficient to describe the foliage, 
which crowds in confused masses the pictures of 
inferior artists. 

The branches are evident divisions of the 
principal trunk; yet, in the. majority of in- 
Btapces, the can be traced, as it rises amidst 
these divisions, from the base to the apex ; but 
as it is, also, ii some plants entirely lost. Bo- 
tanists employ distinct terms to designate these 
opposite states: thus, continuus is used for the 
former, and for the latter decompositus. The 
branching of a stem admits of several varieties, 
each of w^ich requires to be noticed. It is said 
to be 

a. Slightly branched (subramosus); when the 
dumber of divisions are comparatively few. 

b. Much branched (ramosmimus) , when not 
only the greater divisions are numerous, but 
these are again divided and subdivided with- 
out order * ; as in the Elm, Ulmns campestris ; 
the Gooseberry-bush, Ribes Oro,ssularia, &c. 

* Ramosissimtts ramis multis absque ordine gravidas.” 
Phil. Bot. ^82.'2. 
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Linnaeus and some others employ the term pro- 
liferous (prolifer) to denote a modification of 
the much-branched stem, in which the new 
branches shoot out only from the summits of 
the former ones *, as in the Scotch Fir, Pinus 
sylvestris : but, as Sir J. E. Smith remarks, 
the term is obsolete, and seldom used. 

c. “ Abruptly branched ( determinate ra- 
“ mosmjy when each branch, after terminating 
“ in flowers, produces a number of fresh shoots, 
in a circular order, from 
“ just b^ow the origin of 
“ those flowers ; as in na- 
“ ked- flowered Azalea, Aza- 
" lea nudiflorUf and many 
“ of the Cape Heaths •f'.” 

d. Forked or dichotomous 
(dichotomm) (fig. i), when 
the divisions and subdivisions 
are, throughout, in alternate 
bifurcations ; as exemplified 
in Com Salad, Valeriana 
locusta, Petty Spurge, Euphorbia peplus, and 

* u prol^er ex apicis centre einittcns^ tantum ramos ; 
« PinusP Phil, Bot. f 82. 28. 

f Smith, from whom this definition is borrowed, says that 
the term determmate ramosus occurs frequently in tlie later 
publications of Linnaeus, particularly the second Mantissa; but 
that he has not any where explained its mea^ling. Introd. p. 122. 
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forked Marvel of Peru, Mirabilis dichotoma : but 
when, instead of being bifurcated, the divisions are 
trifid, the stem is then said to be trichotomous ; 
as in common Marvel of Peru, Mirabilis Jalapa. 

Tlie BRANCHES themselvcs, whatever may be 
their numbers or divisions, vary considerably with 
respect to their situation on the stem ; the direc- 
tion they assume relatively to it ; and their 
strength, or the power they possess of support- 
ing their own weight: and these diversities are 
seized by systematic Botanists in forming the 
characters of species. 

* In situation. 

Branches may be either opposite, or alternate, 
or scattered. They are said to be, 

1. Opposite (oppositi), when one branch stands 
on the opposite side of the stem to another, and 
their bases are nearly on the same plane.- Be- 
sides this situation of branches, to which the 
term opposite is especially applied, the two fol- 
lowing may be regarded as varieties of it : 

a. Verticillated (verticillati) , when the stem 
is the centre of a number of branches proceed- 
ing from it^like rays on the same plane ; and 
this occurs, in trees and shrubs, by one series 
of the branches being always formed at the 
extremity of the stem every year ; so that in 
time they appear at certain distances to sur- 
round the stem in successive series ; as in the 
Silver Fir, Pinus Picea (fig. a, p. 245). 
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b. Two-ranked (distichi), when the branches 
originating’ promiscuously are arranged in two 
opposite series as in the Elm» Ulmus catn- 
pestris. 

•2. Alternate (alterni), when they stand singly on 
each side of the stem, in such 
a manner, that between every 
two on one side, there is but 
one on the opposite side ; as 
in purging Buckthorn, Rham- 
nus catharficus, or in the sin- 
gular Ameiican plant, called 
Sweet Fern, Comptonia asple- 
nifolia^ (fig. k). 

’ 3. Scattered (sparsi), when 
they are not given off from the 
stem in any determinate man- 
ner. 

** In direction. 

Branches are, relatively to the stem, either 
erect, or spreading. 

1. Erect (erecf/,), when they form a very acute 
angle with the upper part of the stem, and, con- 
sequently, nearly a right angle with the horizon- 
There are three varieties of erect branches. 

* “ Distichus ramos situ horizontali exserit.” Phil. Bat, $ 

82. p.24. 

f Veg. Mat. Med. ^ the United States, ♦ol. i. p. 224. 
s 2 
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«.The approximated (appressi) (fig. /), when 
1. they rise in a direction nearly 

parallel to the stem ; and are 
closely applied to it, as in Green 
Weed, Genista tinctoria. 

b. Inflected (introjlexi) , when 
the tips of the branches bend 
towards the stem ; as in the Lom- 
bardy Poplar, Populus dilatata. 

c. Fastigiate ( fasti giati), 

when the tops of the branches, 
from whatsoever part of the stem 
they spring, rise nearly to the 
same height; as in Sweet Wil- 
liam, Dianthus harhatus. * 

2. Spreading (patenies), when the angle, 
formed by the branch and the upper part of the 
stem, cannot be termed acute. Seven varieties of 
this direction of branching are described by au- 
thors. 

a. Open, diffuse (patuli, diffksi *), when 
the angle formed with the upper part of the 
branch is about forty-five degrees ; as in gr^at 
Hedge Bed-straw, Gallium Mollugo. 

b. Very open, horizontal (patentissimi) , when 
the angle formed with the upper part of the 
stem is about 90 degrees ; as in the Apple-tree, 

* “ Diffusus rarais patentibus.’’ Phil, Bot, § 82. 23. 




LECT. VI.] THE STEM.— BRANCHING. 261 

Pyrus Malus ; and the Asparagus, Asparagus 
officinalis. 

c. Diverging (divergentes) , when they go 
off nearly at right angles with the stem, and 
appear as if verticillated,, without being on the 
same plane ; as the Stone Hne, Knus pinea. 
t/. Brachiate, four-ranked (hracMati*) (fig. 

m), “ when they spread in 
“ four directions, crossing 
“ each other alternately in 
“ pairs ; a very common 
“ mode of growth in shrnbs 
“ that have opposite leaves, 
“ as the common Lilac, Sy- 
“ ringa vulgaris 

e. Divaricated (divaricati), 
when the direction is such 
that the angle formed with 
the part of the stem above 
the branch is rather more obtuse than that with 
the part below it ; as in Fiddle Dock, Ruihex 
pufeher. 

f. Close (conferti), when they are given off 
irregularly, and stand so thick, as to have ap- 
parently no spaces betwixt them. 

* “ BraeJ^iaius ramos decussatitn oppositos habet.’’ Phil, 
Bof. f82.-2S. 

t Smith's Introd, to phijs» and system. Bat, 121. 
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g. Supported (fulcrati*), when they project 
nearly horizontally, and give out root-like 
shoots from the under side ; which extending 
until they reach the ground, take root, and 
serve as props to the branches ; as in the Ban- 
yan tree, Ficus religioms. 

Such are the varied modes of branching ; but 
many circumstances concur to alter and modify 
the natural directions of branches in trees. Thus, 
if a tree, which when it stands alone throws 
out many lateral, spreading branches, be planted 
in a thick grove, or forest, the lower branches 
will become weak from want of air and light, and 
fall off ; and the tree, rising in height, will give 
out top branches only: while, on the contrary, 
a tree which is left when a wood is cut down, soon 
throws out lateral branches, and extends in the 
breadth of its shade, much more than it increases 
in stature. In the Cedar also, and , some other 
trees of a pyramidal form> when, from age or acci- 
dent, the top shoot, which is teraaed the runner, 
is taken away, the lower branches drop off and 
those of the summit of the tree stretch out broad 
and long ; the whole aspect of the tree is changed, 
and from a beautiful and elegant pyramid, it be- 
comes a spreading canopy, dark, awful, and im- 

* “ Fulcraius, ramis descendens ad radicem ; Ficus.’* Phil. 
,Bot. $ 82. 27. 
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pressive. The finest examples of this altemtion of 
form are the two venerable Cedars which grace the 
Apothecaries’ garden at Chelsea. Even when the 
general character of the tree is not changed, cir- 
cumstances occur to alter the natural direction of 
the branches : thus, if fruit-trees, which spread 
horizontally, be planted on a declivity, the 
branches still preserve a direction parallel to the 
surface of the earth, and consequently the angle 
which is foj’med between them and the upper part 
of the stem is much more acute thmi is natural 
on the side next the acclivity, and much more 
obtuse on the opposite. The steeper the declivity 
is, the more fertile the trees are said to become; 
which is undoubtedly owing to the position as- 
sumed by the branches, enabling the ground to. 
operate in the same manner as a wall ; but more 
beneficially. Cultivation, also, varies the natural 
aspeet of plants: the buds, for instance, which 
on trees growing in a rich and cultivated soil, 
shoot into branches, often, from a deficiency of 
nourishment, run out into sharp-pointed thorns ; 
and this is the case with almost every species of 
fruit-trees in a state of nature. The changing of 
these into branches by cultivation, is termed, by 
Linnaeus, the taming of plants ; but many plants, 
however, have appendages of this description un- 
der all circumstances of situation and culture. 

s4 
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*** In strength, or the power they (branches) 
possess of supporting their mvn weight. 

In this respect branches are either sufficiently 
thick and stronj^ to support the whole of their 
weight, whatever may be their relative size, 
situations, or directions ; or they arc so slender 
as to droop in a greater or less degree. When the 
latter state exists, the degree of drooping is de- 
noted by specific terms. Thus they are said to be 
a. Deflected, arched (dejiexi), when lliey hang 
down so as to deserilie a curve or areli. iie 
convexity of which is towards the heavens , as 
in the Larch, Pious larix. 

h. Pendent (refiexi), when the ap x of the 
branch droops considerably below the iitie of its 
insertion ; as in the Weeping Willow, Salix 
Babylonica. 

c. Pendulous (penduli), when they begin to 
droop nearly at the point of insertion, so as to 
hang almost parallel with the stem. 

Such are the particulars connected with the 
external aspect of stems and branches, when re- 
motely viewed, which are noticed by Botanists; 
but when these organs are examined a little more 
closely, we find many other important diversities, 
connected with surface and figure, that are ne- 
cessary to be demonstrated ; and without an 
accurate knowledge of which the student cannot 
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understand the descriptions of plants in the works 
of Systematic writers. 

With regard to surface, stems are either hare 
or covered. They are said to be, 

1. Bare (nudi), when the epidermis is per- 
fectly free from appendages of every description, 
leaves, scales, spines, prickles, or any kind of 
pubescence. The superficies of naked ^tems varies 
eonsidei’ulily : it is termed , 

a. Shining (lucuia . nitidm) when it glistens, 
as if varnished ; as in shining Crane’s-bill, Ge- 
ranium lucidum. 

h. Smooth (glaher), when it is free from all 
kinds of roughness or hairiness * ; as in Peri- 
\t inkle, Vinca major; Petty Spurge, Euphor- 
bia Peplus ite. 

Even (Icevh), when, throughout, it is per- 
fectly free from inequalities ; as in the Somni- 
ferous Poppy, Papaver somniferum. 

d. Punctured (punciatus), when it is covered 
with small yet visible perforations, either simple, 
or surrounded, at the orifice, with a raised 
border. In both instances, these punctures are 
probably the cxcretoi-y ducts of subcuticular 
glands opening on the epidermis. Rue, Ruta 
graveolens (Plate 4, fig. 4) ; and perforated 


* “ Glaber, supcrficie lievi est." Phil. Bot, § 82. 18. 
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St. John’s Wort, Hypericum perforatum ; may 
be taken as examples. • 

e. Maculated, blotched (maculosus, macula- 
tus), when it is marked with spots or blotches ; 
as in Hemlock, Conium macidatum, and great- 
dowered Anoethera, Anoethera grandijlora 
(Plate 4, fig. 5). The colour of stems is not 
generally noticed by Botanists, unless it be 
so remarkable and determinate as to con- 
stitute a good specific distinction, as in the in- 
stances just referred to; in which the macu- 
lated appearance of the stems is invariably 
present. » 

c. Leafless (aphyUm*), when it is altogether 
devoid of leaves, as the Dudder, Cuscuta Eu- 
ropea. 

f. Unarmed (inermis). when devoid of 
prickles or spines. 

g. Exstipulate (exstipulatus), when without 
stipulse ; a species of appendage of which you 
must be supposed still ignorant, but which 
shall be described in the proper place. These 
negative terms are employed chiefly to dis- 
tinguish those members of genera which con- 
tain species that display opposite qualities. 

2. Covered (vestiti), when the epidermis is 

*^*NuduSf foliis destitutus; Euphorbia^ Cactus^ Siapeliay 
Ephedra^ Cutcuta, ’* PhiL Bot, § 82, 2. 
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clothed with some kind of appendage ; and ac- 
cording to the nature of this, the stem is desig- 
nated by a term expresave of its covering. It is 
said to be, 

a. Leafy (foliostis, foliatus *), when it is fur- 
nished with leaves from the base to the apex 
(vide Plate 4, fig. 1, 2). When the stem passes 
through each leaf, it is denominated perfoliate 
(perfoliatttsj , as in Yellow Wort, Chlora per- 
foliata (Plate 4, fig. 6). 

h. Winged (alatmf, when the edges or 
angles are longitudinally expanded into leaf- 
like borders. (Plate 4, fig. 3.) 

c. Sheathed (vaginatm) (fig. o), when it is 
embraced by the base of each leaf, as 
if by a sheath ; as exemplified in the 
Grasses; Snake Weed, Polygonum 
Bistorta, &c. 

d. Stipulated (stipulatus), wTien 
it is furnished with stipulse (organs 
which 1 shall have occasion afteiwai'ds 
to explain to you), at the axillse of 
each leaf : as in the Common Vetch, 
Vida sativa, broad-leaved Everlast- 
ing Pea, Lathyras ; &c. 

c. Tendril-bearing (ciniferus), when it 

* “ Foliatusy foliis instructus est/^ PhiL Bot, § 82. 3. 
i Vide Plate 4*, fig. 7, which represents the winged stem 
of Lathyrus Infifoliiis; a, a. a, a, arestipuiae. 
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bears tendrils ; as in the Passion Flower, Passi- 
flora * ; the Yine, Vitis, &c. 

fl. Bulb-bearing (hulbiferus), when it is 
studded with bulbs in the axillie of the leaves ; 
as in several of the Lily tribe, Lilium -f- ; Bulbi- 
ferous Coral Wort, Dentaria bulblfera, &c. 

g. Spiny (spinosus) (%./», i), when it is fur- 
nished with sharj) 
spines, which are 
not productions of 
the bark, and, con- 
sequently, do not 
come off with it; 
as in , Common 
Hawthorn, Mespi- 
lus oxyacantha, and 
the Sloe-tree, Pru- 
nus spinosa, &c. 

h. Prickly ( acu- 
leatus) (fig. p, 2), 
when it is covered with sharp-pointed bodies, 
which separate with the epidermis ; as in the 
Rose, Rosa centifolia, R. Eleganteria, &c. 

i. Bristly ( setaceous ), when its armature con- 
sists of brushes of minute bristles, divaricat- 

• Plate 4, fig. 8. A small portion of a stAi of a 
Passiflora ; a. a. the tendrils ; b. b. stipulse ; c. c. c. glands. 

f Plato 4, fig. 9. A portion of the stem of Lilium super- 
bum > a. a. the bulbs seated in the axilla: of the leaves. 




LECT. VI.] THE STEM. BRANCHING. 269 

ing from the points whence they are given off; 
as in creeping: Cactus, Cactus flagelliformis. 
(Plate 4, %. 10.) 

k. Scaly ( squamosus ) (fig. q), when it is co- 
y vered, more or less, with leafy 

^ , I'l scales, which are closely applied 
i A surface, as in Broom Rape, 

Orobanche major. When, how- 
ever, the scales, instead of being 
succulent and leafy, are dry and 
membranaceous, this variety of 
the scaly stem is termed 

* Ramentaceous ( ramenta- 
ceus ) (fig. r), as exemplified 
in slender branched Heath, 
Erica ramentacea, &c. 

1. Pubescent (pube- 
scens), when it is studded 
or covered with hair-like ap- 
pendages. The pubescence 
varies vciy considerably, according to differences 
of soil, climate, and exposure ; but, nevertheless, 
thefe are determinate characteristics which al- 
ways, more or less, distinguish it, even in its va- 
riations. According to the appearance, the con- 
sistence and the quantity of pubescence, the 
stem on which it is found is named ; thus it is 
termed #■ 

a. Hairy ( pilosus) (Plate 5, fig. 1), when the 
pubescence consists of rather long separate 
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hidt’S ; as in Mouse Ear, Myosurus minimus ; 
Hawkweed, Hieracium pHosilla ; Meadow Sage, 
Salvia pratensis. See. 

(3, Hispid (Plate 5, fig. 2), when the 

hairs are stiflF or bristly *, as in Borage, Bo- 
rago officinalis; and Common Viper Bugloss, 
Echium vulgare. 

y. Downy (tomevdosm), when the hairs are 
soft to the touch, like down, and so matted 
together, that the particular hairs cannot be 
distinguished ; as in Shepherd’s Club, Verbas- 
cum thapsus ; and round-leaved Crane’s Bill, 
Geranium rot%ndifolium, in which the pu- 
bescence is white ; and Marsh Ledum, Ledum 
palustrCf in which it is of a rust colour. 

S. Shaggy ( vUlosus ) (Plate 5, fig. 3), when 
the pubescence consists of long, soft hairs ; as 
in Villose Speedwell, Veronica vilhsa; and 
downy Hedge Nettle, Stachys germanica. 

s. Woolly (lanatus) (Plate 5, fig. 4), when 
the fine hairs are long and matted ; but easily 
distinguished from each other; as in woolly 
Hedge Nettle, Stachys lanata, and woolly€Iore- 
hound, Ballota' lanata. 

i. Silky ( sericeus ) (Plate 6, fig. 6), when the 
hairs are joining, and so arramged as to give the 
stem the appearance of being covered with silk. 

Instead of pubescence, the covering is in some 

* 

^ ‘‘ HispiduSf setis rigidis adspersus.*' Phil. Hot. § 82. 2L 
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instances either a dry powdery, or a moist excre- 
tion. Of the former there are three varieties, and 
two of the latter. A stem is denominated 

a. Hoary (incanus, pruinosus), when the en- 
tire surface is strewed over with a fine white 
dust, which is easily rubbed off, like the bloom 
on Grapes ; as exemplified on Dwarf shrubby 
Orache, Atriplex portulacoides. 

b. Mealy (farinosus), when the white pow- 
der is less, minute, or is mealy as in Bird’s-, 
eye Primrose, Primulaj^riwojia. 

c. Glaucous ( glaucus ), when the dust or bloom 
is of a bluish green, or sea-green colour ; as in 
the Palma Christi, (the castor oil plant,) Rici- 
nus officinalis. Sec. 

d. Viscid when it is covered with 

a clammy resinous exudation; as in clammy 
C'atchfly, Silent viscosa. 

e. Glutinous (glutinosus), when the exuda- 
tion is adhesive ; but, instead of being resinous, 
it is gummy or soluble in water ; as in clammy 
Primrose, Primula glutinosa. 

Besides being covered with the appendages we 
have just examined, the surfaces of stems pre- 
sent inequalities- from a variety of causes ; and as 
these are fixed and always appear in every indi- 
vidual of ^ species, they are taken advantage of 
in the formation of specific distinctions; and, 
therefore, require to be pointed out, A stem is 
termed * 
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a. Scabrous (scaber), when it is thickly co- 
vered with small papill®, which are not vi- 
sible, but can be felt on running the finger 
along it ; as in Black Knapweed, Centaurea 
nigra. 

h. 'Warty (verrucosm) (Plate 5, fig. 6), when 
it is studded over with small hard warts, or pa- 
pillae, which can be both seen and felt ,* as in 
Warty Spindle-tree, Euonymus verrucosus. 

c. Vesicular (papulosus) (Plate 5, fig. 7), when 
the roughness depends on a small elevation of 
the epidermis containing a watery fluid, which 
giyes the plant the appearance as if it were co- 
vered with ice ; as iti the Ice Plant, Mesembry- 
antbemum crystalUnum. 

In point of figure, stems are very diversified ; 
and this is best ascertained in a transverse sec- 
tion. When a stem is thus examined, the follow- 


ing forms are found to exist. 

a. Round, cylindrical (teres, cylmdricus * ), 
* (fig. .s, 1). A 8t0in is said to be round when 
• a transverse section appears nearly circu- 
^ lar, for no stem is perfectly so : and the 



term cylindrical is employed with still 
more latitude, for all stems gradually di- 
minish from the base to the apex. Stra- 



monium, Datura stramonium, and Change- 


Teres cylindricus.” PhU. Bot. § 82. 12. 

4 


^ u 
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able Hydrangea, Hydrangea kortensis, may be 
taken as examples pf tbe round ; but the term is 
more or. less appS^le to all stei|il which ap- 
proach to the circular form and haVe no angles. 

b. Half round (semiteres), (fig. I, 2), 
round on one side and flattish on the other. 

c. Compressed ( compressus), (fig. s, 3), whi<^ 
implies that two sides of the stem are flat, and 
approach each other, or that the diameter of ^ 
transverse section of it is much gi'eater one way 
than it is the other ; as in flat-stalked'Meadow 
Grass, P^ia compressa. Besides the compressed 
stem, properly so cidled, there are two other 
forms of stems, which mhy be regarded as va- 
rieties of it: cc. the two^ged (anceps), (fig*^> 
4), wl^ |t</Compressea stem has the ^ges 
sha^,||^a two-edged sword; as4|n stnal^ 
iSisyrincmhm, Sisyrinchium 

the leaf-like membranaceous (pkylloiS^ 
branaceus)i when the stem is so much flat- 


tened as to resemble a l^f ; as' in 'Bple^wort 
Cactus, Cactus phyllaimm- 

d. Angled ( angulatm), which mean's that 
a stem presents several acute angles in its cir- 
cumference. There are thiee principal varietii^s 

(obtush angulatus), when the 
aded and the sides flat. There 
are five sub- varieties of the obtusely angled 

VOL. I. T 
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stems; in designatii^ whicb^ the word cor-* 
nered is used, ittsteaef^of obtupely aagled, for 
tbesakedir^revity. A a»dui is%Hid to be, 

1. TbrecMxs'nered (trigaims), <fig. t, i, and 
*.* i), when there are three flat sides 
aud three rounded angles. 

2. Four-cornered (tetragoitm), (fig. t, 2), 
when there are four rounded angles. 
Somet^es the corners are bordered (fig. 

2 ). 

s! Fire*coniered (penN^onm), (fig. #, 3), 
when there are five obtuse angles. In this 
instance, also, the corners are Munc- 
tiines bordfiled (fig. *, 6), and the in- 
tervals occddSc^any furrowed. 



fig- 

‘ijf 4), when there 
are six obtuse 
angles. 

5. Many-cor- 
nered (pohfgo- 

when the angles 
are numerous 


and obtuse: jS. Acute (acttti angu$ilflff$)^ When 
the angles are sharp, and the sides hoUilWed. 


• f “ Digmat,' trigomu, MragtmHs^ pentagoina, jMfygonut, 
• pnectdeatis (anaijlltj specie! tmt.” Phi. Bot. § 82. 13. 
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2. Fbur>angied 
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3. Five-aiOgled {^ilmiitqteak^U^is)p 
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5. Man^y-^gled ^ 

Qiany-^ngled steals '^e .^^es are 
^ot alnyays so acate as in ^e c4im 
■■ ;jgub-vari^ies, '■"■■■■•: 
y. l^veex^ideifl (||g. «<*, ■ l|, whea 

there 'tiu<ee flat aida^Umi^ iumte^§tiglee : 
as iu'^Caireac acafa; / 

e. Axigijiiii^tillgtUosus), impli^ ;i^ 9 t tbe 
are obscnre^ ami'* the ' 

sequetft^ can scarcely be 
of ' the foregoing airangements ; or 
angles are variable in nina^ber. " ae&1tw6 

varieties of the ai^lar^l^em) bi^ pe- 

culiar appeflatioits ; viz.^^^rrowed 
(fig. *, when. ’the steOfafa longitudinally in- 
dented with deepj and bxtiad j^Uows, 

' :Mke lhose ?df a fluted column [| » ns. in Common 




, quddrangularisi quin^uangttiarii; muliangu^ 
lex numero anguloruni prominentium.’' PhU. Bot, § $2. 15. 
t ^Xriquelrus^ lat^a tria plana obtinet;^’ Ibid, j 82. 14. 

11 9ulcif exipavatis latis profundii exaraCm.” Ibid, 

f 82. 18. 
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* Alexander^ Smyrniam olustttstAkt i /3. Stri- 
ated (st ^ii usj, whei^ is l<^gitudinaliy in- 
dented fine paraHertmcis ^ ; as in Sorrel, 
Rumex ace^o^a. 

^'^Rno^' (mdosus), (fig^. w, 1), implying that 

the stem is divided, at 
intervals, by swellings or 
knots ; a» ' , in Knotty 
Cranes’-bill, Geranium 
nodosum, &c. 

e. Articulated (articu- 
laius), that composed 
^ joints, or apparently 
distinct pieces, united at 
r tWeir ends It is re- 
' markable '^illp^Ijinnseus, 
in his defir^l^' of this 
ilT ^em, should have (^fouplOd it ^idth 
Stem, as he mttl^ have been well 
are many - articulated ’ stems are per- 
fectly itimght‘^%ect; In Some instances the 
articulated stemi%re knotted at the joints, 

- .f ■ • 

but in others they me plain. Many of the 
Grasses atfoidf Instances, of the former ; while 
the Cactus tribe sufficiently eifehipUfy the latter. 
£ Kn^d (geniculatus), (fig. to, 2)^ iiien an> ar- 

* ** StritUtu lioeis tenuissimis excavatis insalptiu.’^ Phil. 
Ba.iS2,n. , 

f Articulat^^ iDternodas geniculatug:' A^.*' PBl. 
Bti. i 82. SI. 
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jticulatediEtemJis more or less bent at each joint ; 
as in Floating Foa^laif Grass, Al(^|ecuras'geni- 
culatus; Tlu^-)|i^wer Fescue Festuca 

tryiora, See. , ; ' 

Such are the diversities which stmns exten^y 
pi'esent to the eye. But these, althoi^h in tilinr 
natural state they are sufficiently fixed to enable 
systematic Botanists to employ them as distinc- 
tive characteristics of species, which could nol;, 
otherwise be distieguished ♦ ; yS^isre apt to vary, 
owing to peculiar circumstances com^ted with 
situation, climate, and soil. Thds we hnd a stem 
which,^ in its natural ^te, is round, lassume a 
flattened appearance as IjTl^o or more fCems or 
branches we^e united lon^uchnally side b3||ide : 
an anomaly which is not xiTCommon in the'l^h, 
several a^^s^bf Daphne, the greater Nastnrt^^, 
Hopmolui^ Wu^W, and many other hgabaewus 
plants ; an^ is denominated by authors, | the 
tered stem, caulisfasdcul^us. eai^to 

account for this efied:, siuee it is evidently not the 
simple lateral union of c^e or more .stems or 
branches, a circumstance ^.which might be pro- 
duced by pressure abrading the <q)jdermis and cel- 
lular layer of the bark, and Jbtrmging the libef or 

• multis plantis ita essentiales praebet difierendaa, 

** ut eo dratOi nulla certitude speciei/’ PhU, BoU § 276. 

f Smitii s Introduction^ p. 127. Keith's System of nhusiolo^ 
giati Botany^ vol. ii. p« 277* ** 
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innermost layer of each of the united stems into 
contact ; for, were this the case, the pith of each of 
these conj^^ied stems would be ^ill entire, and 
the aggregate would appear as distinct cylinders, 
according to the number of the stems; whereas 
in the fosciciilated stem there is one flat pith 
only, and the other parts of the stem are, in ar- 
rangement and number, the same aos if the ano- 
maly did not exist. The idea, therefore, of the 
fasciculated stem arising from the pressure of one 
or more contiguous stems, and a natural graft 
being thus formed, as has been suggested by Mr. 
Keith, cannot be admitted. Several other ano- 
malies occur in the configuration of stems; but 
as these are generally either the consequence of 
disease, or of some obstacle to the natural de- 
yie^l^ment in the individual plant occasioned by 
insects, the consideration of them may be de- 
ferred until we come to treat of the diseases in- 
cidental to the vegetable system. 

Independent of the diversities which we have 
already examined, stems have been properly distri- 
buted into distinct ^ecies. In this classification, 
Linnaeus and others who have copied after him, 
emfmerate six species of stems ; but among these 
the footstalk of the leaf and the frondj^te impro- 
perly ineluded ; for, as the former is‘ ^cidMly af 
part of the leaf, and separates with it when it falls ; 
and the latter is a peculiarity connected with the 
foliage of distinct ti-ibes of plants, the Palms, the 
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Algae, and tlie Ferns ; and is itself supported on a 
species of real stena (whiph I shall soon have occa- 
sion to describe to you), the stipe*, nei|dier of them 
can with propriety be classed with steins. Mirbel-f- 
and Mr. Keith J omit the flower-stalk in their enu- 
meration of the species of the stem, and certd^y 
with some propriety; for, although it closely re- 
sembles the stem in its structure, yet, in an ele- 
mentary work, it is undoubtedly more intelligible 
to the student to describe it as a part only of it 
bearing the fructification, except when it proceeds 
Immediately from the root. Contemplating the 
subject nearly in a similar point of view, I think 
we are authorized in distributing stems into jive 
distinct species rthe trunk, the stalk, the strove, 
the scape, and the stipe. 

1. 'I^nk (Truncus) is the appellation giyffn 
to the steps of trees and shrubs The trunk is 

, t;' 

* « Prons est dilatatio vegetabilis herbacea qu© arete 
cum cormi spedej qua austentatur cabaret, Palmis, Filici* 
« bus, Algisque propria/' .Willdenoiv, Spec. Plant, tomus 
V. Introd. p. xxi, 

f Elemens de Phys. veg. p. 99 and 622, 

J System of physiological Botany ^ vol. i, p, 43. 

§ Linn©us uses the term trunk in the generic sense in which 
I have used the word stem ; and thus defines it T runcus 
“ fi>Ha et firt^ificationem profert ; species ejus sunt vii. Caidisy 
SidmuSf &dpuSf PedunculuSy PetioluSy Frons^ Stipes; at 
“ Ramtis pars est.” Phil. Bot. § 82. 

t4 
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characterized by its ligneous stnicture, by being 
always .perennial ; generally naked at the lower 
part; and ifivided and subdivided towards the 
summit into branches and twigs, bearing leaves 
and the fructification. It is thickest at the base, 
and gradually diminishes to the apex ; is covered 
witl\ a thick, often dry and cracked bark ; and 
internally is composed of a central pith, sur- 
rounded by ligneous layers, the number of which 
varies according to the age of the plant. When 
it rises to a moderate height, like a simple 
column, before it divides into, or gives off 
branches, it is said to be arboreous, as exemplified 
in the Oak, the Elm, and the majority of trees ; 
but when the divisions or bi’anches occur near to 
the soil, it is termed shrubby, ; as in 

tlfes Lilae, the Rosemary, and such-l^e. These 
t^niS, however, are always to be understood as 
living a relative signification only; for various 
circumstances, such as change of soil, climate, 
and the efforts of art, may metamorphosC shrubs 
into trees, or reduce these again into shrubs ; 
transitions which are by no means uncommon. 

*2. Stalk (Caulis) is properly applicable to the 
stems of herbaceous plants only ; although the 
term is frequently used in a sense i^rponimous 
with trunk. The specific charactedlrtl^ Of the 
stalk are, that it i§ rarely ligneous, and lives but 

■ 4 
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one or two years in the natural state of the plant. 
It may be divided and subdivided into branches, 
like t\ie trunk; and a greater numJi^r of these 
diversities which have been described . belong to 
the stalk rather than to the trunk. ' 

3. Straw (Culmus) is a name strictly 
fined to the stems of the Grasses, Rushes, and 
the gramineous cerealiae ♦. It is either hollow, or 
partially filled with pith, and generally knotted, 
articulated, and kneed ; but veiy rarely branched. 
The knots are solid,- confined to tbe'articulations, 
and give origin to the leaves, which are sheathing 
at their base. It increases in length, tapering 
gradually to tlie apex, but not in diameter, is 
round, compressed, or .triangular ; and is fre- 
quently hsqry; but, as Sir J. E. Smith properly 
observes, l^ere is “ no instance of such a scaly 

culm as Linnieus has figured in his Philosoj^m, 
“ Botnnlca, t. iv. f. 3 -f-.” « 

4. Scape (Scapus), strictly speaking, is a 
flower-stalk, as it bears the parts of fructification 
only, and is entirely devoid of leaves ; but, never- 
theless, as it proceeds immediately from the root, 
it may be properly classed as a stem :};. It is al- 

* Culmus truncus proprius Gramini, clevat folia fructi- 

ficationEm^e.” F/iil. Boi. § 82. B. 

\ Smith*tJ^roductionf p. 128. 

% “ Scapus truncus universalis elevans fructificationcm nec 

folia : Narcissus^ Pyrola^ Convallaria^ Uyacinthm^^' PhiL 
Bot. } 82. C. 
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ways herbaceous; and is found either simple, 
and bearing one flower only, as in common Dan- 
delion, Lepstodon taraxaxmm; ,ov divided,' and 
many-flow#Bd, as in Cowslip, Pnmula veris. 

5. Stipe (Stipes) is the term used to express 
tlva stem of Palms, Ferns, Fuci, and Fungi. It 
is generally cylindrical ; but sometimes swollen 
in the middle, and bears a frond, w the foliage 
which is peculiar to it, at its summit. In the 
Palms the stipe is in general a simple column 
bearing a spi^ading plume o| leaves ; and of the 
same diameter at the summit as at the base, ex- 
cept in a very few genera *, which throw out 
branches. It is marked at regular distances by 
the cicatrices of the fallen leaves ; and increases 
ia he^ht by additions made to its summit by the 
4^i^opnient of a central gem, which throws out 
apnmilly a new circle of leaves. In the Ferns it 
aiW^es considerably i^ form, being round, chan- 
nelled, triangular, and quadrangular; and is 
either devoid of vestiture>, or is chafly, scaly, spiny, 
or muricated, that is, covered with sharp hard 
tubercles ; and the same diversities occur in the 
stipes of the Fuci, In the Fungi it is generally 
fleshy or leathery ; but it varies both in substance 
and form ; and although, in the grqtl^ .number 
of instances, it is affixed to the centilBi the cap, 


^ Dracam^ &c. 
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or pileus, as in the Mushroom, or nearly so ; yet in 
others its attachment is to the side of that body. 

Such are the peculiarities, connected with the 
exterior of stems, necessaiy to be nc^l^d in this 
stage of our inquiries : in closing our examination 
of them, this question spontaneously presence It- 
self; why is there so great a diversity of form, 
vestiture, and mode of branching in the vege- 
table organs ? No satisfactory* reply can be ad- 
vanced ; and, therefore, we are left to imagine 
that, as nature appears to delight in variety, the 
diversified and graceful forms and appearances of 
plants may be one source of pleasure fu-epared by 
Divine Benevolence for mortals. Be this as it may, 
man has not failed to render them accessaries to 
his comfoft, and subservient to his necessities. In 
the cool shade of the branching arms of the B^b, 
or under the pillared canopy of the Banyadi, be 
shuns the ardour of the meridian blaze ; with| the 
shrubby and spiny Hawthorn, or the prickly Cac- 
tus, he encloses his fields ; while the pliant Osier 
is woven into baskets to transport th^r produce to 
the crowded city : the tall and straight Hne rises 
a mast, on which he spreads the sail that enables 
him to transport the riches of distant climes to 
his natiir(^,.#iores ; and the incurved ribs of the 
venerabyj^fek, launched into the main, float, the 
protectors of his maritime rights, and the bul- 
wai’ks of his natio’nal independence. 
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LECTUFLE VII. 

SUBSTANCK AND ORGANIZATION OP THE STEM AND 
BRANCHES ; — ANATOMICAL DEMONSTRATION OF 

THE COMPONENT PARTS OF THESE ORGANS THEIR 

FORMATION, INCREASE, AND REPRODUCTION, 

Xhe examination of the exter^p,! aspects of stems 
and branches, which we have just concluded, will 
readily enable you to form an estimate of the im- 
portance of the correct knowledge of terminology to 
the systematic Botanist ; for, without a definition 
and name for each diversity of feature, which the 
vegetable organs present to the sight or the 
t(^h, it would be impossible for him to fix these 
specific distinctions, by which alone the different 
members of the same family of plants can be 
readily recognised. This diversity, as you have 
seen, is very considerable in the external charac- 
ter of the stem and branches ; but when we ex- 
tend our examination to their interior structure, 
or organization, we find it confined within very 
narrow limits^: nor will this excite onh^tstonish- 
ment when we reflect, .that nearly theulaiiie end 
is to be accomphshed by these organs, whatever 
may be the habits or the physiognomy of the plant. 
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It is now my object to direct your attention to 
these diiFerences, and to point out to you tlie cir- 
cumstances in which they consist. 

If we take a number of stems and branches of 
different kinds of plants, and cut, or break, or 
tear them transversely and longitudinally ;f; we 
shall find that some of them are easily divided, 
whilst others resist almost all our efforts ; that 
some are moist, succulent, and fleshy; others 
fibrous, spongy, and dry ; and others again formed 
of both succulent *and dry parts ; the latter pos- 
^ssing very different degrees of compactness, in- 
duration, and tenacity. But, however considerable 
these differences may appear, the more we investi- 
gate the subject the more we shall be convinced, 
that, as far as respects substance, . the stems mid 
branches of the whole of the vegetable ldng(dfom 
may be arranged under two classes, — the 
Qxvdiihe Herbaceous. ' , 

A. Woody stems (Caules lignosi) are those 
which contain a very large proportion of ligneous 
fibre ; or in which wood forms comparatively tlie 
gi-eater part of their bulk. It is found either in 
threads or bundles which run longitudinally from 
the base to the summit of the stem ; or is united 
in one m'^s, formed of concentric circles, which 
cohere and'^compress each other neaidy from the 
centre to the surface of the stem : — the tribe of 
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Palms aflfords examples of the first description of 
ligneous stebtd, and all other trees of the second. 
M far as^ri^pects substanco,' however, ligneous 
stems are hot arranged according to the diversity 
of stradure I have just hinted at ; but according 
to lihe , degree of cohesion which binds together 
their ligneous fibres. Botanists hitve, therefore, 
divided woody stems into two genera, the 
and the JSbrous. 

1. The solid woody stem (C. solidus) is that 
in which the cohesion is uniform, and the 
wood, consequently, compact and indurated; 
sometimes to a degree on which the knife will 
make scarcely any impression. 

2. The^ftroiw i^.^fifroms) is that in which, 
\,;the cohesion being irregular, the wood is con- 

v^^nted of fibrous bundles; which, although 
'^^Jwnng to each other, can be easily separated, 

' l^fher by tearing or by maceration. 

iiigneohs Stems of every description are peren- 
nial. • 

B. Herbaceous stems h^bacd) are 

those which contain a small proportion of woody 
matter ; but are composed chiefly of cellular sub- 
stance, and consequently can be ^ily nut or 
divided. There are three distimA her- 

baceous stems: the fleshy, the ^<wi^,dfad the 
hollow. . * 
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1. The fleshy stem (C. carnosus) is that in 
which the cellular substance, c€;^hich it is 
composed, is tui^d with' fiuidS 4 , . and when 
cut, presents a smooth, unifi>rm rac^t sur&ce, 
similar to that of a young Cucumber when, 
transversely sliced. The common Housenl^, 
Sempervivum tectomm ; and most of the sea> 
weeds, Algae, afford examples of the fleshy stem. 

2. The spongy stem (C. spongiostis ) is com- 
posed of a compressible, elastic, cellular sub- 
stance, contained within an epidermis; either 
dry, the cells being filled with air only; or 
moist, the cells being partially filled with fluid, 
as in a sponge. The Mushroom tribe, Ikmgi ; 
Indian Com, Zea me^S’, amd Great Cat's-tail, 
Typha latifolia, have spongy stems. « w 

3. The hollow stem {C.Jk-tulosus) is 9 ^ 0 ^ .. 
culent or fleshy hollow cylinder, surrouiid^Jilty 
a circle of vessels and ligneous threads, iimllB- 
diaitely under the epMennis ; amd genehilly 
lined with a dry white spongy layer of pith. 
There are two varieties of the hollow stem. 

fl. The uninterrupted (sine septis transver- 
sis)} when the hollow,, or cavity, extends 
fimna the base to the apex of the stem, as in 
tfaeJ^iTOS Coreopsis (Coreopsis). 

tmnsversis inter-- 
tinctm) ; when either the longitudinal cavity 
is divided, at regular distances, by parti- 
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tions or diaphragms (fig. a, 

I I) ; or the stem is knotted, 
^ and apparently made up 
of separate hollow por- 
tions, shut at each ex- 

v 

“ tremity, and united at the 
knots. The different spe- 
cies of Horse-tail, Equi- 
setum ; Manured Reed^ 
Arundo dmax; Common Water Dropwort, 
OEnathe Jistulosa ; the Castor oil plant, Ri- 
cinus officinalis ; and almost all the Grasses, 
and the Ccrealia, afford examples of this 
variety (fig. a, 2). 

Such is the diversity of substance of stems 
and iiranches ; we have now to examine the ana- 
tomical construction of these organs. To the stu- 
this inquiry is not only important, as dis- 
p^ng the structure of the stem itself, and 
thereby enabling him to comprehend more per- 
fectly its functions and mode of growth ; but, as 
all the parts concerned in the vegetable functions, 
as far as the preservation of the individual is con- 
cerned, are seen in the stem ; by a correct know- 
ledge of its organization he becomes acquainted 
with that also of the root, the leaves, ^d even, 
in some respects, of the flowers and the firuit. In 
this investigation it is essential to' adopt some ar- 
rangement; and although none, which has yet 
been attempted, is free from just causes of cri- 
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ticism, and probably none can be devised alto- 
gether unobjectionable; yet, if by any the examina- 
tion can be facilitated, the attempt form one, 
as nearly perfect as the nature of the subject will 
admit of, is at least praiseworthy. 

The only arrangements which I shall notice, 

are those of Desfontaines and Mr. Keith. Des- 

« • 

tbntaines’ method is founded on the fact, that 
there are two grand divisions of plants, the Mo- 
nocotyledonous * and Dicotyledonous -f- ; each of 
which displays a distinct and specific mode in the 
distribution of the parts of the stem. In the in- 
dividuals belonging to the first, the stem consists 
of bundles of woody fibres and vessels, inter- 
spersed throughout a cellular substance, and. de- 
creasing in solidity from the circumference to the 
centre ; in those of the second it is composed of 
concentric and divergent woody layers, dbCraas- 
ing in solidity in the opposite ratio, or from the 
centre to the circumferance, and containing a 
pith in a central canal :}:. But, as Mr. Keith has 
justly observed, this arrangement does not ex- 
haust the subject : as, independent of the Poly- 
cotyledonous plants which may be, classed with 
the Dicotyledonous, there is no account taken of 

* fronts, the seeds of which have one lobe only, 
f Plants, the seeds of which have two lobes, 
f Vide Mhn. de l*InsHt. Nat. tome if 


VOL, I. 


U 
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those tribes which are altogether destitute of seed> 
lobes ; the stems of which, in their organization, 
exhibit neither the woody bundles of the one, nor 
the layers of the other. Mr. Keith, in order to ob- 
viate this objection, has arranged stems, in re- 
ference to their internal structure, into three 
classes: — 1. The. candex an hxnmgeneom mass; 
2. The caudex an heterogeneous mass; and, 3. The 
mass consisting of bark, wood, and pith*. This 
arrangement is undoubtedly less exceptionable 
and more comprehensive than that of Desfon- 
taines ; but Mr. Keith has erred in arranging, in 
his second division, the herbaceous stems of dico- 
tyledonous and polycotyledonous plants; for, al- 
though these have no concentrical circles of formed 
wood, such as characterize the ligneous stems of 
those tribes, yet the distribution of the ligneous 
matl^ and of the pith coincides sufficiently with 
that of these parts in the real woody stems to 
. allow them to be classed together ; whilst it has 
little or no affinity with that of the ligneous 
bundles in the monocotyledonous stems with 
which they are classed in Mr. Keith’s arrangement. 
A move perfect classification, perhaps, may be 
formed, by adopting the first division of Mr. Keith’s 
arrangement and adding to it those of - Desfon- 
taines ; as, besides embracing the whole of the 
subject, it leads us first to the examination of 

ft 

* System of physiological Botany^ vol. i. p. 287 & seq. 
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those stems which are the simplest, because com> 
posed of the fewest parts ; and progressively pre- 
pares us to understand the organization of those 
of a more compound nature. I shall, therefore, 
attempt such an arrangement, and claims steins, 
in reference to their anatomical . structure, into 
the three following divisions ; 

i. Stems which display, internally, an appa- 
rently homogeneous mass. 

ii. Stems which proceed from monocotyledonous 
seeds. 

iii. Stems which proceed from dicotyledonous 
and polycotyledonous seeds. 

i. Stems which display, internally, an apparently 
homogeneous mass, when examined by the unassisted 
eye„seem to consist simply of an epidermis enclos- 
ing a parenchyma, composed either of celkilar 
substance, of very different degrees of sueculeac^, 
sponginess, dryness, and density ; or of inter- 
woven fibres, forming a leatheiy, or a felt-like tex- 
ture, or one not a little resembling that of washed 
animal muscle which has been macerated in spi- 
rits. When examined, however, by the aid of a 
good microscope, these different appearances of 
the internal mass are all found to consist of cel- 
lular substance, with vessels running through 
it, and anastomosing in a variety of directions. 
Mirbel erroneously asserts that this description of 
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stems is destitute of vessels * ; for their presence, 
at least in the stipes of the Mushroom tribe 
(Fungi), and the stalks of many of the Algee, is 
demonstrable by placing a small transverse slice 
of any of them , under a powerful microscope. 
They are not, indeed, so readily distinguished in 
a longitudinal slice, a circumstance which I am 
inclined to ascribe to the transparency of their 
coats confounding them with the cellular sub- 
stance in which they are imbedded ; and which 
consists of continuous, oblong cells, the membrane 
forming the sides of which is of very different 
degrees of thickness ; but, nevertheless, they 
may be made out by any one accustomed to the 
use of the microscope. I have never been able to 
satisfy myself of what description these vessels, are, 
although it is evident, as Mirbel remarks, that 
they are neither the spiral, nor the annular ; but I 
suspect them to be the moniliform. The epidermis, 
which cannot be separated from the cellular mass 
it covers, is pierced with imperceptible pores, but, 
according to Mirbel, it has no miliary glands. In 
the different tribes of plants, which afford examples 
of this description of .stems, the reproductive ol*- 
gans are either altogether deficient, or so ob- 
‘scure as to have eluded the researches of phyto- 

* Vide EUmens de Phys. 1“ Partie, p. S7 ; and Journ. 
de Botanique, torn', iii. p. S€. 
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logists; and thence they have been regarded as 
agamic. Many of them have no stem; but among 
those which possess it, in some it is solid, or 
rather entire, in others hollow; and in the lat- 
ter case, the cavity is often partially lined with 
a very lax, dry, cellular web*. A conspicuous 
root is rare; and, when it exists, consists of a 
few small radical fibres only, composed of a 
single thi’ead, covered with a cribriform epider- 
mis. Scarcely any facts are yet known respect- 
ing the •development and growth -of this descrip- 
tion of stem. 

ii. Stems which proceed from monocotyledanous 
seeds are more complex in their structure than 
the preceding. They are composed of two dis- 
tinct parts, ligneous and cellular, which assuming 
a determinate character, enable these stems to be 
readily distinguished, even by the naked eye. 
They comprehend both solid and tubular, or 
entire and hollow stems ; and as there is some 
difference in the arrangement of the parts in 
these varieties, we shall examine them separately. 


* See Plate 5| fig. 1, which represents a longitudinal sec- 
tion of the stem of Tall Agaric, Agaricus procertis; a. the 
stem ; its lax cellular lining, or pith, which in this example 
nearly divides the hollow of the stem into two unequal cavi- 
ties ; c, a fragment of the hat or pileus^ to show the simplicity 
of its union with the stem. 
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■ fl. l/ a solid monocotyJedonoas stem, that of 
a Palm for example, be cut, either longitudinaHy 
or transversely, it is seen to consist of an epider- 
mis enclosing ligneous bundles or cords, more or 
less symmetrically distributed in a parenchyma or 
medullary substance. If the section be lon^- 
tudinal, these ligneous cords are observed to run 
longitudinally, and extend from the base to the 
apex of the stem, sometimes in straight lines ; 
but occasionally assuming a zigzag direction, so 
as. to touch each other at different distances: 
closer together and firmer towards the circum- 
ference of the stem, and more apart and softer 
as they approach its centi-e *. If the section be 
transverse, the divided extremities of the ligne- 

• Vide Plate S, fig. 3, 3, 4. Fig. 2 represents the section 
of It Unnsverse cutting of a Palm, the Ptychosperma gracilis 
(oi^i&d from a plate of Mirbel) ; a, the ligneous bundles 
closer tt^ether, more indurated, and in greater numbers than 
in die space marked b, in which also, however, they are less 
distant and more compact in that portion whidi is farther from 
the apex of die secdon, than in that which is nearer to the 
centre of the stem. 

Fig. S. A. 'a transverse slice of the scape of the Tiger- 
flower, Tigridia povonta, slighdy magnified the ends of the 
ligneous buddies being shown by the white dots, which in 
the natural stem appear on a green ground. 

Fig. 4. A longitudinal section of the scape of Great Reed- 
mace, Typha lat^oUa, showing the ligneous bundles, which 
in this instance do not inosculate. ^ 
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ous bundles appear like spots, which ar#in some 
Hxstances of a dark colour, and in others white, 
dispersed over a white or a green ground, in 
the order just described. The epidermis adheres 
closely to the parenchyma beneath it ; and in 
some plants of this cleiss, the greater density of 
the cellular substance at the circumference gives 
the appearance of a bark, which is never, how- 
ever, present in this description of stem. Such 
is the general character, and the distribution 
of the parts, in what may be termed the lig- 
neous solid monocotyledonous stems'*' ; hut when 
they have more of an herbaceous character, such, 
for example, as the scape of Great yellow Gar- 
lick, Allium Moly, there are no indurated lig- 
neous cords ; but the vessels run in the midst of 
longitudinal layers of condensed cellular matter, 
and in a transverse section appear as white dots 
forming a circle round the centi-al cells, wbicb ai« 
generally much larger than those of the circumfe- 
rence, and assume in some degree the aspect of 
a pith •f* ; so that in the longitudinal section, the 

* The studenti who cannot procure the stem of a Palm, 
may attain an excellent idea of the internal structure of the 
solid monocotyledonous stem in the fiower*stalk of the Tigri* 
dia pavonia^ which is now very common in the stoves of the 
London florists and nurserymen ; or in that of the Typha 
latifolia^ not unfrequent in ditches, flowering in July. 

t Vide Plate 5, fig. 5. A. a transverse slice of the scape of 
Allium Moly^ nearly of the natural size. # 

u 4 
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diametetof the stem appears divided ,})y two seem- 
ingly solid cords, into three nearly equal compait- 
ments. Mirbel, in treating of this description 
of stems, says, “ their pith, instead of being en- 
“ closed in a canal, in the centre of the stem, ex- 
“ tends almost to the circumference * but there 
are exceptions to tliis remark, as, for instance, in 
the Rush, Juncus, which has a perfect pith, sur- 
rounded, however, by a cellular tube, in the sub- 
stance of which the vascular cords chai*acteristic 
of the monocotyledonous stems are perfectly ap- 
parent, arranged in beautiful order; and dis- 
tinguish it from an herbaceous dicotyledonous 
stem, the vessels of which, as I sha^ll afterwards 
demonstrate to you, are arranged in a very dif- 
ferent manner. 

Such are the appearances which, to the naked 
eye, or to the eye aided by a common lens, the 
solid monocotyledonous stems present. Under 
the microscope, we perceive that each ligneous 
cord is composed of very narrow oblong cells, 
and of vessels which are either spiral, or annular, 
or porous, those in the centre being always spiral ; 
that, in the Cellular substance of the more solid 
stems, the cells are chiefly oblong, whilst in that 

^ ** £t leur rnoelle, au lieu d’etre resseree dan$ un canal, 
ail centre de la tige, s’etend presque jusqu’a la circonference.’* 
Elemens de Phys. veg. Par tie 1. p. ll*; 
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of the herbaceous they form irregular hexagons, 
except towards the circumference, and in the 
immediate vicinity of the vascular cords *; and 
that the membrane forming them is perfoxtited 
with minute pores, surrounded by a glandular 
border. In the common Rush, Juncus eonglo- 
meratm, and some other monocotyledons^ the 
cells of the pith are of a very curious structure ; 
appealing, in a transverse section, like minute 
heptagonal wheels or circles divided by rays 
passing from the centre ; and these are evidently 
filled with air -f-. In common Mare’s-tail, Hip- 

♦ Vide Plate Fig. B, B. represents a magnified section 
of fig. S, A. dhienionstratG the greater density of the cellular 
substance towards the circutnferenca 

Fig. 5, B. a highly magnified section of fig. 5, A. cr. the 
cellular substance more condensed close to the epidermis 
than in the heart of the stem ; b* the vascular bundles. Fig. 
69 C. a highly magnified longitudinal section of tlie semi- 
diameter of the slice A* which has the appearance of fig. 5, 
d. to the naked eye : a, the cellular matter, close to the 
epidermis, appearing as oblong cells ; b* one of the seemingly 
«olid cords, which form the circle of vascular bundles, con- 
sisting of two spiral vessels, surrounded by oblong cells -: 
c. the cellular substance which constitutes the mass of the 
stem. In this view the membrane forming the walls of the 
cells is seen studded with points, which, under the microscope 
appear to be either amylaceous granules or circular apertures 
surrounded by a border. Mirbel supposes they are pores, am 
that the border is glandular. 

t Vide Plate 5, fig. 6, which represents a magnified sectio* 
of a transverse slice t>f the common Rush : a. the pith com 
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puns vulgaris, the air-cells, which are on the out- 
side of a central column, composed of vascular 
and ligneous bundles, are divided from each other 
by. smaller cells, which are filled with aqueous 
fluid : whilst, at every whorl of leaves, bundles 
of vessels are given off from the central column, 
and these are surrounded by condensed cellular 
matter, which forms a kind of diaphragm ; by the 
repetition of which the whole stem is divided into 
compartments at regular intervals 

posed of circular or heptagooal cells, divided by septa passing 
from the centre of each, like rays; b, the cyKnder which 
surrounds the pith ; composed of green parenchymatous mat- 
ter, in which bundles of spiral vessels (c. d,) run, surrounded 
by condensed cellular matter ; e. departments consisting of air- 
cells dividing the vascular bundle ; f. bundles, apparently of 
entire vessels, forming the strlse on the surface of the stem ; 
gn lacunie or open spaces between the pith and its enclosing 
tid>e. If I might be permitted to hazard an opinion regarding 
the use of this organization, it would be this : that, as the Rush 
has no leaves, the green parenchymatous tube is intended to 
pei^orm a function analogous to that of leaves, these organs 
consisting chiefly of a similar substance. 

♦ Plate 5, fig. 7, a section of a transverse slice of the stem 
of common Mare’s-tail, Hippuris vvlgaris, an aquatic plant ; 
a. the exterior, or cellular part (enclosed merely by the epi- 
dermis), consisting of large air-cells, each surrounded by 
smalles cells, which are generally found turgid with aqueous 
fluid ; 4. the central column, which consists chiefly of spiral 
vessels, one of which is drawn-out at c. All aquatic plants 
contain very large air-cells ; which ire most abundant in their 
items, if their leaves be few or comparatively small, or the 
greater number of them is above the surface of the water ; and 
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It is necessaiy to notice, particularly, the 
structure of one variety of the solid, herbaceous, 
monocotyledonous stems ; as it constitutes the 
link betwixt the solid and the fistular monoco- 
tyledons. It is articulated, giving off leaves at 
the joints only ; and these are sheathing or em- 
brace the stem. On dissection, we find the vas- 
cular bundles, which can scarcely be called lig- 
neous, enclosed in a cellular parenchyma, and 
running in straight lines between the joints ; but 
at these, they inosculate in arches, and send off 
horizontal branches, some of which terminate in 
the leaves and ofhei's in the lateral shoots that 
originate' at their basis. This sti*uctui*e is beau- 
tifully displayed in the stem of Spiderwort, Trade- 
scantia Firginica, in which the circles forming 
the annular vessels being nearly opaque, the 
course of the vascular bundles is readily tmced ; 
and the manner in which the vessels are g^ven off, 
and inosculate, distinctly seen by the^aid of the 
microscope *. 

in the leaves, if these be large or mostly iramefsed, as for in* 
Stance the Common Keed*mace. 

* Vide fig. 9 and 10, Plate 5, Fig. 9, a* a. a. a. (z. a. the 
vascular^ cords, as seen by means of a good lens by reflected 
light, formihg arches at the joint ; b» the base of the leaf, 
with the ves^ls which supply it proceeding nearly from the 
centre of the joint; d. the fragment of a lateral shoot, the 
vascular bundles connected with which" are seen originating 
from the same spot as those of the leaf.* Fig. 10, a small por- 
tion* of the joint highly magnified, to display the structure of 
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b. The hollow or fistuW monocotyledonous 
stems are composed of distinct portions, united by 
knots ; at each of which the cavity is divided by a 
diaphragm : or, rather, each portion may be re- 
garded as a distinct individual, which takes its 
origin from one knot, and terminates in another, 
out of which again a new individual arises, and so 
on in succession, as I shall more particularly de- 
scribe in explaining the mode of growth of these 
stems. The general structure of this description 
of stems is best exemplified in the Grasses. Thus, 
in Wheat we perceive the upper articulation rising 
within the knot, in which th6 lower has termi- 
nated ; with the leaf which infolds it 'crowning 
the embracing knot The organization of this 
variety of the monocotyledonous stem cannot be 
readily distinguished without the aid of the mi- 
croscope. It is seen, in a longitudinal section, to 
consist of several layers of narrow oblong cells, 
which constitute its exterior and more solid part ; 
and of an interior more open cellular substance, 

the vascular dords and the inosculation of the vessels, a. The 
bed or sheath in which the vessels run ; b. the vessels themselves 
apparently composed of separate rings, held together by small 
spicular bodies, which appear as lines on the surface of the 
vessels, within the transparent sheaths ; when detached, they 
appear like ocicular crystals. The cells are studded with amy- 
laceous granules. 

* Vide Plate 5, fig. 11. a. the knot of the straw bearing a 
fragment of its leaf ; b. the new articulate rising within the 
knot. ' , 
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enclosing vascular, ligneous cords, composed of 
oblong cells like those on the circumference, sur- 
rounding spiral and annular vessels. In the trans- 
verse section the divided extremities of these cords 
appear as clustered vaschlar spots in the cellular 
substance *. 

The bark,* if the surface of the stem can be 
so named, of the more solid monocotyledons 
is formed of the footstalks of the leaves ; but 
the real epidermis of both the ligneous and 
herbaceous stems of this tribe, is always, as has 
been already stated, so closely applied to the 
part which it covers, as to be inseparable from 
it by any means. Owing to this circumstance 
it appears of a cellular structure, and its cha- 
racter is regulated by the nature of the parts it 
immediately encloses. In those plants, in which 
it can be readily examined, it displays, under the 
microscope, a regular series of organic exhaling 
pores, each apparently surrounded by a glandu- 

* Vide Plate 5,. fig. 8. A. B. C. A. represents the transverse 
slice of a stem of Wheat, as seen through a good lens ; B. a 
longitudinal section of the slice highly magnified ; a. the outer 
cellular substance, composed of oblong cells and entire vessels ; 
b. the interior cellular lining of the cylinder of the stem ; c. 
p. vascular bundle, consisting of a spiral vessel surrounded by 
oblong cells ; C. a transverse section of the slice ; a. the tu- 
bular cells immediately under the epidermis ; the common 
cellular substance ; the vascular bundles. 

3 
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lar border ; as is beautifully deoaiMiastrated in the 
culm of Wheat*: but in some plants, as, for in- 
stance, the Common Rush, these apertures arc 
perceptible in the furrows only between the striae, 
the elevations being^ apparently • free from any 
exhaling pores In some of the herbaceous dico- 
tyledons, silex is found deposited in, or rather 
immediately under, the epidemis. ‘ 

Monocotyledonous stems, those even of the 
largest diameter, display no medullaiy rays, such, 
as I shall soon have occasion to demonstrate, as 
characterize the dicotyledonous ; nor do such ap- 
pear to be necessary, owing to the extensive dis- 
tribution of the cellular matter tbr .uguout the 
substance of these stems. The woody bi i. '!es, 
however, become indurated by age, and tlii, i.'iore 
external being enlarged by the deposition of new 
ligneous matter, they at length occasionally touch 
each other, and form a circle of continuous wood ; 
but the interior bundles never attain this state, 
and are always sufficient* to distinguish the stem 
as a monocotyledon. 

Monocotyledonous stems increase In length 
or height ; but, with very few exceptions, not in 
diameter. As I have hsd no opportunity of tracing 
the manner in which this is effected, in the ligneous 

* Vide Plate 5, fig. 12l 

t Vide Plate 5, fig. 13. a. the appearatoee of the cuticle over 
||^ ridges ; b. its cribriform aj^pearance in the furrows. 
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monocotyledons, 1 shall follow the description of 
Mirbel, in explaining to you the growth of a Palm. 
When the young plant, rising from the seed, ap- 
pears at the surface of the ground, the leaves, 
originally folded .up and sheathied within each 
other, separate themselves, increase in number, 
and form a sheaf-like group. Those on the cir- 
cumference now spread out, perform their func- 
tions, and are detached ; but their bases re- 
maining, form a solid or ligneous ring, which 
is the origin of the stem. Within this circle the 
sheaf of leaves rises vertically ; owing, perhaps, 
the rcEzstance at the circumference; and the 
t ' ;rk)i ones having spread out on every side in 
the same manner as the former, drop after a time, 
also, and leave their bases to form another circle ; 
within which the sheaf still rising, again spreads 
out another range of leaves ; and in this way the 
stem is gradually formed by the evolution of the 
terminal leaf-bud, and the induration of the 
footstalks of the fallen leaves. The whole stem 
displays the cicatrices of the successive circles of 
detached leaves, and these becoming hardened 
by their exposure to the air, and the ligneous 
bundles within them being older, in a direct ratio 
as they are nearer to the surface (the development 
of parts always taking place in 'the centre), the 
substance of the stem is necessarily softer within, 
and harder as it approaches the* circumference. 
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Omng to the mode of growth, which has 
just been described, the stem is always naked, 
columnar, and terminated with leaves and fruc- 
tification in the form of a magnificent crown, as 
exemplified in the Palms. The stipe, therefore, 
or this kind of monocotyledouous stem, may be 
regarded as a fasces of iigjieous vascular rods 
imbedded in cellular substance, and terminating 
in leaves * : and its vitality being, in a great de- 
gree, dependent on the herbaceous part, if the 
central bud, or cabbage -f*, as it is commonly 
called, be cut off, the whole plant immediately 
dies. In tropical climates, some kinds of Ferns 
rise with a stipe resembling that of the Palms ; 
but this appears to be, according to Mirbel, “ a 

* The height to which some Palms arise, without increasing 
in diameter, is truly astonishing. Thus the Ptychosperma 
gracUu rises more than sixty feet above the surface of the 
ground, with a stem not four inches in thickness. The eleva- 
tion of the Areca okracea is often not less than one hundred 
and eighty feet ; and “ although,’’ says Mirbel, “ its diameter 
“ is greater than that of the Ptychosperma, yr*- it is certain 
“ that it never increases in thickness.” Elhi. de Phys. v^g. 
t. i. p. 12. Its stem is, nevertlieless, thicker in the middle 
than at the base or the summit, when the Palm has 

attained to a certain age; which is justly ascribed to its vegeta- 
tive powers being more vigorous at the middle period of its ex- 
ist^ce* 

f The terminal bud of file Areca oleracea is boiled and 
eaten as a delicacy, under the name of Cabbag^e; and the plant 
is called the Cabba^ Palm. 
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“ simple fasces of petioles, or leaf-stalks * C al- 
though circumstances occasion these to unite in 
the interior of the stipe, and form masses of com- 
pact wood. This variety of stipe does not increase 
in diameter. 

The Aloes, the Yucas, and the Dracsena differ 
in their mode of growth from tiio I’alms, inas- 
much as they give off branches and increase in 
the diameter of their .stems. From the observa- 
tions ofM. Aubert du Petit-Thouacs -I-, who traced 
the mode of branching, and the consequent in- 
crease of diameter in the stem of the Dracaena, 
it appears that the branch originates in a small 
protuberance under the epidermis, which it soon 
ruptures ; and extending, first unfolds some scales 
and then leaves, the result of the successive de- 
velopment of which is a cylindrical branch com- 
posed of ligneous cords, similar, in every respect, 
to the parent Stem, and seated upon it like a graft. 
The ligneous cords, at the point of their junction 
with the adult stem, spread out at first like rays, 
and then extend, in an opposite direction to the 
growth of the branch ; the exterior descending in 
straight lines towards the earth, whilst the others, 
after ascending a little at first, soon, also, bend 
down and take the same course, which the whole 


^ Elemens de Phys^ veget, 1. p, ISJi . 
f Essais sur la Vegetation ^ &c. Paris, p. 1. 
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preserve until they are lost in a mucilaginous sub- 
stance, secreted under the detached epidermis. 
A layer of new ligneous cords is thus applied over 
those of the old stem, and the development of 
other branches still adding fresh layers, the stem 
is gradually increased in diameter. M. Aubert 
du Petit-Thouars thinks that, for the formation of 
branches in these plants, a vital point (un 'point 
vital) exists at the axilla of each leaf; but re- 
mains latent and inactive, unless peculiar circum- 
stances occur to call it into activity ; and this, he 
conceives, constitutes the difference between these 
gems and the buds which appear in the axillae of 
the leaves in the great majority of dicotyledonous 
plants. I shall, however, soon have an oppor- 
tunity of demonstrating to you that the same 
circumstance occurs in dicotyledonous stems ; on 
which bud^ sometimes appear, that have existed 
in a latent state for many years; and can be 
traced back to their origin in the change of or- 
ganization, occasioned by the frustrated effort to 
develop them, in the successive layers of wood 
which have annually added to the diameter of the 
stelhs, on which they are ultimately developed. 

The development and growth of the herba- 
ceous, solid, monocotyledonous stem is nearly the 
same as that of the ligneous, except that the parts 
are more rapMly evolved. If we trace the growth 
of the stem of the White Lily, for example. 
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springing from a full-grown adult bulb, we per- 
ceive that it first appears on the surface of tiie 
ground like a large naked leaf-bud, which, when 
dissected and minutely examined, consists, not only 
of leaves overlapping each other, but also of the 
rudiments of the flower and fructification. Before 
this has risen much above the earth, the exterior 
leaves separate at their apex from the others and 
spread themselves out to the air and light, to 
form those secretions which are partly deposited 
in the portion of the stem below them, for the 
purpose of affording it firmness and solidity ; 
whilst the more succulent portion above them 
extends, carrying with it the bud, until the 
leaves, next in succession, spread out and har- 
den it in its turn. As the stem continues to ex- 
tend and the leaves alternately to expand, it thus 
attains the summit of its height. In this pro- 
gress, the stem, as it advances, gradually loses a 
portion of its diameter ; and a transverse section 
of it, near the summit, displays very few ligneous 
vascular cords, compared with those of one near 
the base ; and, consequently, contains less lig- 
neous matter. At the point, however, where the 
flower-stalks spring, it again thickens ; and the 
attachment of these closely resembles that of the 
branches of the Dracaena. 

In our demonstration of the anatomical struc- 
ture of the stems of this tribe of plants, we stated 
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preserve until they are lost in a mucilaginous sub- 
stance, secreted under the detached epidermis. 
A layer of new ligneous cords is thus applied over 
those of the old stem, and the development of 
other branches still adding fresh layers, the stem 
is gradually increased in diameter. M. Aubert 
du Petit-Thouars thinks that, for the formation of 
branches in these plants, a vital point (un point 
vital) exists at the axilla of each leaf; but re- 
mains latent and inactive, unless peculiar circum- 
stances occur to call it into activity ; and this, he 
conceives, constitutes the difference between these 
gems and the buds which appear in the axillae of 
the leaves in the great majority of dicotyledonou*? 
plants. I shall, however, soon have an opp«r 
tunity of demonstrating to you that the same 
circumstance occurs in dicotyledonous stems ; on 
which bu(ft sometimes appear, that have existed 
in a latent state for many yearn; and can be 
traced back to their origin in the change of or- 
ganization, occasioned by the frustrated eP'"-t to 
develop them, in the successive layers of wood 
which have annually added to the diameter of the 
stei&s, on which they are ultimately developed. 

The development and growth of the herba- 
ceous, solid, monocotyledonous stem is nearly the 
same as that of the ligneous, except that the parts 
are more rapidly evolved. If we trace the growth 
of the stem of the White Lily, for example, 
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springing from a full-grown adult bulb, we per- 
ceive tliat it first appears on the surface of the 
ground like a large naked leaf-bud, which, when 
dissected and minutely examined, consists, not only 
of leaves overlapping each other, but also of the 
rudiments of the flower and fructification. Before 
this has risen much above the earth, the exterior 
leaves separate at their apex from the others and 
spread themselves out to the air and light, to 
form those secretions whicli are partly deposited 
in the portion of the stem below them, for the 
purpose of aflbrding it firmness and solidity ; 
whilst the more succulent portion above them 
extends, carrying with it the bud, until the 
leaves, next in succession, spread out and har- 
den it in its turn. As the stem continues to ex- 
tend and the leaves alternately to expand, it thus 
attains the summit of its height. In this pro- 
gress, the stem, as it advances, gradually loses a 
portion of its diameter ; and a transverse section 
of it, near the summit, displays very few ligneous 
vascular cords, compared with those of one near 
the base ; and, consequently, contains less lig- 
neous matter. At the point, however, where the 
flower-stalks spring, it again thickens ; and the 
attachment of these closely resembles that of the 
branches of the Dracaena. 

In our demonstration of the anatomical struc- 
ture of the stems of this tribe of plants, we stated 
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to you that those which are articulated, or knotted 
and nevertheless solid, form the link between thg 
more common solid herbaceous, and the hollpw 
or fistular monoeotyledonous stems. As they 
display something in common with each, and yet 
differ from both, in some degree, in structure, so, 
also, they differ from both in the development of 
their parts. The leaves are given off at the joints, 
or knots only, and in general embraee the stem, 
or are sheathing to a certain extent; and when 
they protrude branches, these originate in gems 
formed at the joints, between the stem and the 
leaf, in a manner very closely resembling that in 
which young lateral bulbs are formed on the ex 
terior of the laminated bulbs. These productions, 
indeed, may be almost regarded as lateral pro- 
geny, rather than real branches; for they shoot out 
radical fibrils at the lower part of a knee which 
they often form with the main stem ; and, taking 
root in the earth, perpetuate the existence of the 
plant after the decay of the original stem. The 
parts of the stem below these lateral shoots increase, 
in a sinall degrte, in diameter, from causes similar 
to those which have been already detailed as pro- 
ducing the increased diameter of the stem of the 
Dracaena; and it is in this respect chiefly that 
this stem differs in the manner of its growth from 
the culm or fistular monoeotyledonous stem. This 
description will be better understood by refer- 
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ing to the marginal cut, in whicii 1. represents 
1 ‘2 a portion of the stem 

ofTradescantia Virginka, 
jrara M'ith two lateral shoots 
jH or branches: a. a young 
pai’tially envelop- 
ed in its sheath b. and 
its origin fuHy displayed 
removal of the leaf 
in the axilla of which it 
seated ; c. another shoot, 

Hi® of the leaf, the upper 
part of which is cut away 
at d. In 2, which represents the same portion 
of stem divided longitudinally, the manner in 
which the buds a. b. c. are given off i.s rendered 
more obvious. The white longitudinal lines are 
the vascular cords, which always appear white 
amidst the green parenchyma; whilst the trans- 
verse septa between each articulation, being 
formed by tjie branches of these vessels assum- 
ing an oblique direction, appear, a}so, of a white 
colour. The vascular cords, from which the ves- 
sels of the shoots originate, are easily distin- 
guished by their greater size, and by passing di- 
rectly to the b^se of each shoot. 

The Culm, as has been described, consists of 

x3 
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hollow articulations connected by knots; which 
in their growth appear to rise from within each 
other ; the new one always carrying with it the 
central bud, which in the last of the series termi- 
nates in the inflorescence. The leaves are sheath- 
ing and given off only at the knots, which are 
solid, or rather are filled up with a dense cellular 
substance, containing at first a saccharine nutri- 
tious juice, which Darwin asserts to be essential 
to the growth of the next joint, for it is absorbed 
or at least disappears as that is perfected. The 
vascular cords, which run in straight lines 
throughout the length of each joint, divide as they 
approach the knot, forming an inosculated plexus, 
and send off branches to the leaf and to the new 
articulation, to which the cellular substance, that 
forms the diaphragm interposed between the 
cavity of each articulation, actually belongs ; 
giving to the basis of the new joint the appearance 
as if it rose from a bulb. It was this appearange, 
as seen by the naked eye, which suggested the 
theoiy advanced by Dr. Darwin, that eat j Joint 
of these stems is a distinct individual; and that 
the whole of a stem of any grass. Wheat for ex- 
ample, is a successive series of leaf-bulbs and 
leaf-buds produced in one year, and terminating 
in a flowering bulb. “ At the first joint of the 
“ stem of Wheat,” says the Doctor, “ 


on or 
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“ within the surface of the earth, a leaf is pro- 
“ duced ; from which rises the principal or central 
“ bud, and around it many new buds, which 
“ strike their roots into the soil. After this cen- 
“ tral bud, and those around it, have risen six or 
“ eight inches, a new leaf and* a new leaf-bud 
“ rises on each of them, producing a second joint of 
“ the stem ; and lastly a flower-bud is generated 
“ at the summit, which are all evidently distinct 
“ vegetable beings, as there is a division across 
“ the stem at each joint, which shows there is no 
“ connexion of the pith or brain, or spinal inar- 
“ row, between the lower and upper joints. That 
“ a new bud thus constitutes each joint of the 
“ stem of Wheat and other grasses is further 
“ evinced; first, by the existence of a leaf at each 
“ joint without a lateral bud in its axilla, as oc- 
“ curs in other vegetables : secondly, because for 
“ the nourishment of this new leaf-bud a reservoir 
“ of sweet juice is prepared in the new joint ; as 
“ in the bulbs of many plants : and thirdly, be- 
“ cause the lower leaf dies, and the sweet juice is 
“ absorbed, as the upper leaf becomes vegete 
Setting aside the fanciful allusions to the briun and 
spinal marrow, there is much plausibility in this 
theory ; and it even appears supported by ti»e ana- 
tomy of the knots of these stems, as far as that cim 

■* Phytologia^ sect, ix. 3, L 

X 4 
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be perceived by the naked eye, or by the aid of an 
ordinary lens ; but when the microscope is em- 
ployed, the vessels can be traced from one joint 
to the other, passing through the spongy cellular 
diaphragm, and pursuing their course to the sum- 
mit of the stenf. To illustrate this, I have ad- 
joined (see marginal cut) a 
plan of the vessels in the knot 
of the Wheat stem, as dis- 
played by the microscope, in 
a longitudinal slice of a straw. 
In this plan the white lines 
a. a. represent the course of 
the vessels in the cylindrical 
part of the old joint running 
in a perpendicular direction, 
which they preserve up to the 
point b. b. where the leaf se- 
parates from the new articu- 
lation c. which is sheathed within it. At d. d. and 
between that point and b. h., branches are given 
off, which meet in the centre of the cellular fliutter 
of the knot, and again join the vessels a. a. at 
b. h. where they enter the leaf in which they 
terminate. A little lower, however, opposite g. g. 
vessels are sent olF, which at first are curved in- 
wards, but soon acquire a perpendicular direction 
and constitute the vessels of the new joint as seen 
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at i. i. The density of the cellular substance 
around the inosculating vessels constitutes the 
diaphragm, which is interposed between the arti- 
culations of this description of stem : and the new 
joint does not appear hollow at first, the cellular 
substance filling up its cavity as at k. for a short 
space above the knot. There can be, therefore, 
little doubt* that the articulated culm is as much 
one individual as the .stipe ; and the truth of this 
opinion is not shaken by our inability to explain 
the object of its articulated structure. But if it 
be allowable to hazard a conjecture, I u'ould say, 
that as the cords of vessels run in straight lines, 
and ai-e comparatively remote from the surface in 
these stems, the enlargement at the knots is partly 
intended to afford space for permitting branches 
from tliese vessels to be given off to supply 
the new joint which originates there: accord- 
ingly we sec branches added to the vascular cords 
as they arrive at the knots; and these, after 
passing through it, approach each other and dis- 
appear in the vascular cords again of the new 
joint ; the necessity for the branches.no longer ex- 
isting. The original cords of the old stem ac- 
tually terminate in the leaf, which is the limit of 
the growth of the joint ; and in this respect g^ves 
some colour of truth to Darwin’s theory of the 
individuality of the articulations. The cellular 
substance itself, in the knot, is probably intended 
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partly for supporting these additions to the vessels, 
and partly for the development of the new bud 
in the axilla of the leaf ; which, notwithstanding 
the assertion of Dr. Darwin, occurs in the grasses 
in the same manner as in other plants, although 
in our climate it is not always evolved *. The 
saccharine juice, also, secreted in the knot, is more 
likely to be required as the first nutriment of the 
embiyon bud (in some degree a new being -f*), 
which may be developed at this point, than to 
forward the gi’owth and extension of the next 
joint ; which is already so constituted as to be 
able to make use of the nutriment witli which it 
is supplied from the soil, through the medium of 
the roots. 

Such is the structure and the mode of growth 
of monocotyledonous stems. The positive features 
which chiefly characterize them in point of struc- 
ture, are the separate vascular ligneous cords, and 
interrpiixed cellular parenchyma; but they arc 
distinguished more strikingly by negative qualities ; 
as, for example, those of having no proper barK, on 

* In tropical climates almost all the grasses give ofFbranches 
from buds formed in the axilla of the leaves ; and even in this 
climate this occurs in Nodose Canary Gra8s> Phalaris Nodosa, 
and several other perennial grasses. 

f 1 have said, “in some degree,’’ because, even allowing 
the bud to be lateral progeny, yet it is, strictly speaking, an 
extension only of the parent, and not a new being, in the 
sense in which this t.«rm is properly applied to seminal progeny. 
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liber, no alburnum, and no medullary rays; parts 
which, as I shall soon have occasion to demon- 
strate to you, belong, exclusively, to the dicoty- 
ledonous and polycotyledonous stems. I do not, 
at present, attempt to detail to yoi^ either the 
opinions of others, or my own conjectures, re- 
lative to the manner in which the various parts of 
these stems are formed ; nor to trace their par- 
ticular functions ; as we shall enter fully into this 
part of our subject, when we arrive at the proper 
moment for taking into consideration the combined 
functions of the root, stem, and leaves. 

iii. Stems belonging to plants, which are pro- 
duced from dicotyledonous and polycotyledonons 
seeds, are in every respect alike in point of struc- 
ture ; and, therefore, for the sake of brevity, I 
shall describe both under the single appellation of 
Dicotyledonous stems. In treating of these, their 
natural division into woody and herbaceous imme- 
diately presents itself to our attention. 

A. Woody Dicotyledonous stems consist of 
three distinct parts, the hark, the wood, and the 
pith. They are best exemplified in trees and 
shrubs ; but as the structure of each of these parts 
differs according to the age of the plant, it is re- 
quisite to examine them, both as they appear in 
the young plant or the shoot one year old only, 
and in the trunk and branches of older subjects. 

If the young shoot of any tree or shrub, the 
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Horse Chesnut for example, be cut either trans- 
versely or longitudinally, the parts which have 
been enumerated, are rendered evident to the na- 
ked eye. If the section be transverse, it is seen 
to consist of a central spongy or cellular portion, 
which is the pith, enclosed within a ring of more 
solid consistence, which is the naad ; and this, 
again, is environed by another circle of an in- 
termediate degree of firmness, which is the bark. 
If the section be longitudinal these parts arc seen, 
in the same order (vide fig. 1, Plate 6), extending 
the whole length of the shoot ; the pith a. appears 
like a central column, guarded on every side by 
the wood b., and this bounded by the bark c., 
whieh forms the exterior envelope of the whole. 
Running the eye, however, along the section, 
we perceive that the bark is not continuous ; but 
where the buds d. e. project, it appears as if re- 
flected over them, while the exterior fibres of the 
wood enter into their substance. At the bases of 
the leaf-stalks/*, g. this is not the case ; for these 
appear as if seated upon the bark, connecteu With 
the shoot merely by the cords of vessels h. i. which 
penetrate the wood, and are apparently lost on 
the surface of the pith. At the summit of the 
shoot the pith appears to terminate, enclosed by 
the wood as if by an arch ; whilst the bark still 
covering the wood mingles with the substance of 
the leaves which form the terminal bud k. In 



ANATOMV OF STEMS. 


317 


EEiT. vn.] 

pursuing our inquiries, we find that the bark is * 
readily detached from the wood, b. and is sepa- 
rable into three layers ; that the wood is fibrous 
and more compact and harder within than in its 
exterior part ; and that the pith is evidently com- 
posed of cells, which, in the more succnlent parts 
of the shoot, are filled with an aqueous liuid, and 
in the drier with air. Such is nearly the sum of 
the infoi'mation we can obtain from an examina- 
tion with the naked eye ; to secure, therefore, an 
accurate knowledge of these parts, we must call 
in the aid of the microscope; and, with its as- 
sistance, let us examine each of them in the order 
in which they present themselves in the shoot 
under our inspection, beginning with the bai'k. 
In taking this course, we shall confine our actual 
demonstrations to this shoot : pointing out, how- 
ever, and illustrating as far as possible, the va- 
rieties which have been remarked in each part, in 
different ligneous stems, both in their first year’s 
growth, and in the after-periods of their ex- 
istence. 

a. The Bark. In the shoot we are now ex- 
amining, which has been cut in the autumn, the 
bark when separated from the wood is about the 
sixibenth part of an inch in thickness, and ap- 
pears, to the naked eye, to be composed of four 
very distinct parts. I. A dry, leathery, fawn- 
coloured, semi-transparent, toufh membrane, 
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•which is the cuticle', 2. a cellular layer which 
adheres, although not very firmly, to the cuticle, 
and is named the cellular integument ; 3. a vas- 
cular layer ; and 4. a whitish layer, apparently 
of a fibrous texture, which is the inner hark ; and 
which, as we shall afterwards find, is of a more 
complicated structure than the other layers. We 
shall now view these parts separately under the 
microscope. 

1. The Cuticle. Before demonstrating the 
structure of this part, it is necessary to remark, 
that I prefer the term cuticle to that of epider- 
mis, in reference to the exteiiior covering of stems 
and branches, in order to distinguish it from the 
thin unorganized pellicle which has already been 
described (page 93) under the name Epidermis, 
as one of the general components of the vege- 
table structure; and which is, in fact, the ex- 
terior part of the cuticle. 

The cuticle may be raised from the cellular 
integument by the point of a knife, and this is 
the best method to obtain it for minute examina- 
tion *. When thus separated and placed under 
the microscope, it appears to consist of two layers ; 

* Some authors recommend boiling the shoot or cutting, in 
order to separate the cuticle ; but although it is thus readily 
separated, yet, the boiling coagulates and thickens its sub* 
stance, rendering it opaque and destroying its natural structure. 
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the outer being the unorganized pellicle of true 
epidermis, and the inner a vascular texture, com- 
posed of minute vessels which terminate externally 
at the surface of the stem, and internally in the 
cellular integument *. These are, apparently, an- 
nular vessels with oblong pores ; and, although 
I have never been able completely to satisfy myself 
that they penetrate the real epidermis, yet, they 
probably do so to perform the office of exhalants 
or of absorbents. The abrupt manner in which 
these vessels terminate in the cellular integument, 
readily accounts for the facility with which the 
cuticle separates from that portion of the bark -f*. 
Such is the cuticular portion of the bark of the 
Horse Chesnut ; but the structure of this part 
is not the sapjie in all ligneous dicotyledonous 
stems. In that of the Pear, Pyrus communis, it 
consists rather of transverse cells than of vessels, 
the outer series of which is covered by the real 
epidermis : this is the case also in the lesser Pe- 
riwinkle, Vinca minor, in which there are three 
series of such cells; in the Laburnum, Cytisus 

* Vide Plate 6,' fig. 2, a. 

•)• It was probably this vascular part of the cuticle, which 
led Du Hamel (Phys. des Arhres, liv. 1. c. ii.) to describe the 
vegetable epidermis as a tissue of delicate parallel fibres inos- 
culating at regular intervals, or united by lateral fibres, so as 
to constitute a network, the meshes of which are filled up 
with a thin, transparent pellicle. w , 
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Laburnum, it is composed of the epidermis sinjply 
covering a layer of an irregularly cellular or 
spongy character ; in the Laurustine, Viburnum 
Tinm, of one layer of cells covered by the epider- 
mis ; and the same is the case in the Vine, except 
that the cells are extremely minute, and oblong in 
the length of the stem, having the appearance of 
vessels in the transverse section. These and similar 
varieties in the structure of the cuticle account 
for the want of coincidence in the descriptions of 
authors. 

The true epidermis or exterior layer of the 
cuticle is necessarily cribriform, whether it act as 
an exhaling or an absorbing surface ; and the man- 
ner in which the pores are arranged, does not 
differ less, in different plants, than the structure 
of the interior layer. It is frequently studded 
with hairs, glands, and prickles; but, as these 
are not peculiar to stems, their particular struc- 
ture shall be demonstrated, when we treat of the 
general vegetable appendages. In young and 
succulent shoots, the cuticle is generally almost 
colourless, and semi-transparent, transmitting 
the green colour qf the exterior part of the cel- 
lular integument over which it lies; but it becomes 
opaque and coloured by age, or rather on losing 
its vitality ; for, as it is annually reproduced, on 
the ligneous stems under consideration, the old 
, Hyer, if it does \iot fall off, cracks and is pushed 
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outwards by the increase of the diameter of the 
stem ; and the accumulation of such layers foms 
the rugged surfaces of stems, as i(fc example of 
the Elm, the Oak, and the of trees ♦. 

In the greater number of inst^op^it cracks verti- 
cally, and is pushed outwards with a portion of the 
cellular integument by the new epidermis, which 
can be brought into view by removing these 
rugged portions. In others it splits horizontally, 
and the newputicle is formed immediately under 
the old, which, after a time, detaches itself in 
fragments or, there is a succession of cuticles, 
which, although one is formed every year, yet 
do not separate annually, but occasionally only, 
in multiplied layers, that can, however, be readily 
detached from each other, as in the Currant and 
the Paper Birch, Some trees, the Plane for eXf 
ample, annually throw off the cuticle at once, in 
large flakes ; and in this respect, such plants re- 
semble those reptiles that cast their skins or their 
crusts, asthesnsi^, the spider, the lobster. ■ 
2. The CaPelar integument. carefully 

raising the cuticle of tbe.yoiiag shoot iE>f the Horse 
Chesnut, we find under it a celiular layer ; which, 
in a transverse section of the.s^!ei^< placed under 


* In Plate 6, 10. or. represents a microscopic view of the 

various layers which form the rough cuticle of an old stem 
of the Lilac, Syi^i^a vulgaris ; the innermost only of which 
retains Its vitaUt 3 ^ 

VOL. 1. 
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the oi^roscope, is seen to consist of two distinct 
partSi^ both cellular, but nevertheless different. 

esttOTor, or that on which the cuticle imme- 
dialely reposi^, ;h|>pears to be coinpoBed of a dark 
igreen, semioi^Mzed pulp, in which the cells are 
hregular both in their dimensions and form (vide 
Plate 6, fig. % b.), and has somewhat of the as- 
pect, as Mr. Keith aptly expresses himself, of “ a 
distinct and separate epidermis in an incipient 
" st&te, rather than a true and proper pulp 
while the interior is le^s coloured and composed 
of rq^Iar hexagonal cells (Plate 6, fig. 2, c.), 
the sides of which are perforated and frequently 
studded with small granular bodies. It is the ex - 
terior layer of the cellular integument, which is 
the seat of colour of the young twig, and the 
green hue of Which is transmitted through the 
yet semitranspar^t cuticle : its appearance, and 
the fact that it is 'annually reproduced, led Mr. 
Keith to believe that it is reaUy the next year’s 
cuticle in an incipient stage of dt^nization .But 
the vertical direc<i^'“‘of the celli^^hile those of 
the cuticle are horizmital, is sufficient to overturn 
this opinion, (Hatd^, ' fig. 7, a. 1. 2.) These two 
^rtions of the cellar Iht^ment are particu- 
larly noticed by Mirbel, who denominates the 
exterior the herbaceous tissue, and the intef^ 
the parenchyma ; and conceives, with much pyor, 
bability, that tho deeper green colour of the lattert 
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depends on the exposure of its juices to the, light 
and on the ruinous nature of these juices> He re- 
gards the whole of the cellular i^legumeBt, also> 
as a glandular body serving to iil^Mmte the trans- 
pirable matter from the other ; an opinion 

which I shall have octcasion to notice more pill- 
ticularly when we investigate the functions .of 
the stem. The cells of the interior portion, in 
the young shoot of the Horse Chesnut, are very 
regular hexagons, except in those places, where 
there is any pressure, or where the adjoining 
parts require a variation of form, when a change 
takes place; but, independent of these circum- 
stances, the pure hexagonal form does not prevail 
in the stems of every species of the natural tribe 
of plants under examination. Thus in Privet, 
Ligustrura the cells are variously formed, 

some being nearly circular, others rudely ellip- 
tical, and some very obscurely heptagonal : in the 
Elder, Sambucus nigra, they are equally irregu- 
lar ; in the Cqn^on Lilac^^ Syringa.oa/gam, the 
proportion of^^^eal cellular mnl^ ^napared with 
that of the semi-organized jis^fpall, and the 
ceils, which are of an* bbleh^^ figure, are com- 
pletely filled with minute . mpyleu^us granule^ ; 
and this is the case, also^ in the Laburnum, 
ijl^ytisus Laburnum, in which, however, they 

* ElSmcns Physiologic vegitak, 1“® partie, p. 103. 

■ v*2 
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are hexagons: in the Pear, Pyrus com- 

mmiif they resemble globular utricles : and in 
the. Rock Rose, Cistus Ledon, they are irregu 
lar oblong hex^ons. Such are the diversities 
of figure of these cells ; but it is still a ques- 
tion whether the membrane of which they are 
composed be single or double, as I formerly re- 
marked (page 75), in describing the cellular tex- 
ture among the general vegetable components? 
Senebier and Link are both of opinion that each 
cell is a separate utricle, completely distinct from 
those which are in contact with it, and i-onse- 
quently that the partitions arc double on every 
side. Link further contends * that there are rr' 
visible organic pores in these partitions, the fluid^ 
passing from the one to the other by a double fil- 
tration ; and that the appearance of pores is occa- 
sioned by small amylaceous granules scattered over 
their surfaces. It is certainly not easy to deter- 
mine this question as far as regards the double or 
single nature of the cellular membrane, alth'^ugh 
I am disposed to believe it is double ; both from • 
the appearance whieb it presents under the micro- 
scope, and also fre^^vthie greater facility which 
such a supposition syfifords of explaining the origin, 
and the hexagonal figure of the cells, a point which 
shall be discussed in its proper plhce ; but,-^ 


* Vide Romer, Collect, Botanic, fau, 1. p. 163. 
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any confj<!( nee is to be placed in the inici'oscope, 
there can be no doubt of the ^dstence of the cel- 
lular pores. That many of the cells, however, are 
filled with minute particles, is pei^tly evident ; 
j.iid the number of these is always greater where a 
branch is given off. Their use is yet unascertained, 
but it is not improbable that they are of a nutri- 
ti\e nature, and deposited in the cells to be dis- 
solved by th«‘ ascending sap for the evolution of 
new parts. Independent of these particles, the 
cellular iiitegument is filled both with coloured 
and <.*olourless s<;creted juices ; and it is very pro- 
bable that this part performs some changes on the 
saj) thrown into its cel's, similar to those effected 
in the leaf. 

'•le cclbalar integument is partially destroyed, 
and reproduced, a great part cf the old portion 
being pushed outwards with the cuticle which 
is 'annually detached ; while new cells are added 
to that which remains at the time the new cuticle 
is produced. 

3. Vascular layer. Imbedded in the cellular 
integument and impinging on the internal sur- 
face of the bark, are distia^ bundles of entire 
vessels, each of which is so lurrimged as to pre- 
sent, in the transverse section of the stem under 
c|pHdderation,* a semilunar aspect * ; and, in the 

* Vide Plate G, fig. % d. 

•• 
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lon^todinal section, that of a fascis of flexible 
cordil, readily separable from each other, and 
from the surrounding cellular substance • ; which 
is condensed where it comes in ^e^tact with these 
bundles.’ These vessels al'e supposed to convey 
downwards the proper idice of the plant, ela- 
borated from' the sap, by the, action of the light 
ai^ mr in the leaf ; and this opinion is supported 
by the fact, that it is from them the milky 
jtuce Of the Fig-tree and the coloured juices of 
other plants exude, when the stem is trans- 
versely divided. In some stems, as, for example, 
that of Laburnum, Cytisus Laburnum, the vascu- 
lar bundles -coalesce, and form nearly one conti- 
nuous layer or circle around the wood.; and in 
others, although they do not actually coalesce, 
yet, they approach so close as almost to assume 
the same character. As the stem increases, these 
vascular bnndleav'^cmhe impervious, and Are 
pushed outwwd Wfth' the cellular integument, giv- 
ing place to a new layer which is smnually pro- 
duced. 

4. Inner ha^i ^‘ Immediately under the vascu- 
lar bundles, we jNd%Ueth(^ layer wWch consti- 
tutes the internal of the bark. In the 

transverse section of the stem of the Horse Ches- 
nut now before us, it appears under the microsu^e 


* Vide Plate 6, fig. 7, «• 3. 
t Plate 6, 'fig. 2, e. and fig. 7, a. 4. 
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to consist of the extremities of longitudinal fibres 
closely united together ; and, in the tangental 
section, these fibres are seen running in a waving 
direction and touching eaoh other ^ cerUdn points 
only so as to form oblong meshes, which are filled 
with cellular matter. The nature of this structure 
will be better understood by referrii^ to the mag- 
nified mar^nal plan, in which 
a. a. a. represent the reticular ar- 
rangement of the longitudinal fi- 
bres, andi. b. &.the cellular meshes. 
This layer is denominated liber, 
a name imposed from its having 
been employed to write on before 
the invention of paper. As the network formed 
by the dividing threads of the meshes is nbt 
readily dissolved in water, whilst the cellular 
matter which fills them up is remarkably soluble, 
the liber of some plants, fiorj^ample the Daphne 
Utgetto, when soaked in water and afterwards 
beaten, forms a very beautiful vegetable gauze; 
which may be used as an article of dress. A 
comrser specimen of this, gaaze,';^^ lace, is seen 
in the bark of many of ota* trees, par- 

ticularly the Oak, when it 1^ lw» long exposect 
to the weather, after being separated from the 
ti^k. This regular arrangement, however, of 
the lon^tudinal texture of the liber, is not found 
in every instance ; for in the ^Ir^and some other 

V 4 
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trees the longitudinal threads are seen lying 
neatly parallel to one another, without any meshes 
or intervening cellular matter. . Like the other 
pints of the baHi, the liber is ai^i^ly reproduced. 
The old layer losep its natality, Ipid is pushed out- 
wards by the^new i the a(^nmn||lion thus formed 
constituting what botanical have called 

the cortical layers, which hiyij^hi supposed de- 
iwed their origin from the older bark. 

TiiC vitality of the stem of dicotyledonous 
plants is mm:^ ^nspieuous in the bber than in 
any other part. If the bark be wounded, or a 
portion of it be removed, layers gradually extend 
themselves from the liber on each side of the 
wound until it is closed up; but, as this is*not ef- 
flcted in one year when the wound is extensive, 
and as the new laycirs aVe thrown out by the liber 
only which is apip^ly renewed, the cicatrix, if 
the healed portk^ be so named, always re- 
sembles a hollow dii^, the base of which is Hie 
exterior of the trunk. The union of -%graf<^ . or ol’ 
a bud taken frop^ one tree and implanted on ano- 
ther, succeed%|^%..^;^en the libei* of the bud, 
or the graft ah|^^^,, of the stock is placed in 
'immediate contact ; tj^. anion in these instances 
closely resembling that which occurs when two 
raw surfaces of a living animal body, or (rf two 
distinct animals, are retained for some time in con- 
tact. Grew, lyialpighi, Du Hamel, and others 
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supposed that the liber anntially changes, by hard- 
ening, into the alburnum or yourfg wood, an 
opinion which is still maintained by some of the 
ablest phytolo^sts ; but which I shall ifterwards 
prove to you is founded upon mistaken principles. 
It is through the liber, however, |]^t the matter 
in which the new wood is formed, which annually 
augments the diameter of the trunk and branches, 
is secreted ; and hence the importance of this 
portion of the bark. 

Such is the structure of the bark of the stems 
of woody dicotyledons ; and that of the root does 
not materially differ from it; any difference de- 
pending, perhaps, altogether on the medium in 
which these two parts are situated. In the bark 
the secreted juices of plants, and consequently 
their medicinal qualities, are chiefly deposited; 
but the consideration of the ifonctions of this part 
and its properties must deferred, until the 
#hole of the structure of tke Stem has been de- 
scribed. ' 

h. The Wood. Pursuing par investigation in 
the young stem of the Ci^nnt ; when the 

whole of the bark is rem^^dy we find, imme- 
diately under and i^g^tly adBiering to it, a 
firmer and more compact snbshshce, which, both 
in a longitudinal and a transverse section, ap- 

* “ Le liber endurcie, de verdatre qu’il etait, devient blanch- 

** atre, et prend le notn d^aubicr.’* ** Mirbel, EUnmiz de Pln/;>. 

fc. i. p. 10b. • ^ 
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^ars to constitute a cylinder, enclosing a co 
lumn of spongy cellular matter or pith. This is 
the tnMid. It has been regarded, in reference ti? 
the v^etS^ble, as answering the saito end ns bone 
in the animal body } bttt, eatoCep^ hi its property of 
giving firmnCM and support to theplant, the ana- 
logy does not hold good. It is at first soft and 
vafScuiar, and is then called jiSturnum ; but it af- 
terwards becomes hard, and, in some trees, is of 
a density almost equal to that of iron. In a trans- 
verse section of our stem of Horse Chesnut, it ap- 
pears, to the uUEt^isted eye, a continuous circle 
of a homogeneous structure, of a very light straw 
colour exteriorly or near the bark, and greenish, 
interiorly, or where it is in contact with; the pith ; 
but in some other tree^ as for example the La- 
burnum and the this circle appears tra- 

versed, at nearly ^^ill^lar distances, by rays of an 
evidently different jg&ticture. These are found, 
however, to exist also in the steih of the HorSe 
Chfesnut, and in every other woodj^^coty'edon 
when it is exanupe4 by a magnifying glass ; and 
they are observed in the soft wood, or alburnum, 
as well aE in the liaM ^d most perfect wood. 
These two distinct pai^ which constitute the 
wood, may be described under the names Concen- 
tric and Divergent layers *!•. 

* Vide Plate 6, fig- 3. 4. 5. 

•)• These names «"re adopted by Mr. Keith (System of physio- 
logical Botany and arc more expressive of the parts they are in- 
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Placing a. very thin transverse section of the 
stem of Horse Chesnut under the microscope, the 
wood no longer appears solid and compact ; but of 
an .rregular reticulated texture •!“. In this state, 
however, the concentric and divergent layers are 
.eadily distinguished ; the open j||>aces in the 
former being evidently the transvCise oiifices Of 
divided longitudinal or vertical cells and vessels, 
whilst those in the latter are the lateral openings 
of horizontal cells Let us now examine se- 
parately the minute structure of each of these 
parts as they appear in the stem of one year s 
growth. 

1 . The Concentric layers consist apparently of 
longitudinal fibres, which are, however, appa- 
rently not solid, but narrow tubes or oblong cells, 
the sides of which are thick Q^nd nearly opaque, 
and of vessels of different kinds. These are ar- 
ranged parallel to each otheir, except where they 
are separated by the divergent layers, as may be 
seen in a thin tangental section 
of any stem plaped under the 
microi^pe ; and is rudely disr 
played in, ‘the marginal plan, 
in which »• represents 



t Vide Plate 6. Fig. 2. ^ represents the €rst s«ate of the soft 
wood or alburnum,/, the more perfect wood, and h. the orifices 
of the large vessels of the wood. 

X Vide Plate 6, 
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the lon^tudinal fibres or' oblong cells ; c. c. c. the 
vessels which in the Horse Chesnut are porons, 
and 6. b. b. the exterior ends of divergent layers. 

In the alburnum, the walls of the concentric tubes 

' . 

are tender and transpm'ent f b*it by the deposition 
of ligneous ' mattef in the iuenitirane of which 
they consist, and in the tubes themselves, they 
become opaque and firm ; and according to the 
degree of this, the wood is more or less dense, 
hard, and tenacious. Other matters, also, are 
deposited in this part of the woody texture ; such 
for example as Guiaic in that of the Guiacnm 
ojfficmale, colouring matter in the Logwood, 
Hmmatoxylon Campechianum, and even silex, 
which has been extracted from the Teak wood, 
Tectona grandis, by Dr. Wollaston. The vessels 
of the concentric I^tyers are chiefly porous and an- 
nular, and their s^dpli produces the openings ob- 
served in the transye^ section of any stem* ; but 
besides these, in thfC circle of the Wood of the first 
year’s growth, a circle of spiral ves^ls su’' ’Oimds 
the pith These are, however, justly regmrded by 

* Vide Plate 6, fig. 2. h, aibd fig. 8. o. a. <t. The tubular 
nature of the oblong c^, forming the concentric layers, is 
rendered evident in this 8ecti|^'>i^he common Elder, fig. 8. at 
b. b.', and the distinct chameter of the divergent layers at c. c. 
Leuwenhock, in 1680, first delineated the porous vessels of the 
wood. Vide bis Episl. Physiolog. p. H. 19. 

"t Vide Plate 6, fig. 7. d. e. 7, 7, 7. In this figure, also, the 
fost, or half-organized state of the alburnum, is represented 
li^tWcen 6. c. and the vascular" structure of the perfect wood 
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Mirbel not as vessels of the wood ; but of a dis- 
tinct sheath lining the wood, which he has deno- 
minated r^tui ni^dullaire ; and there is un- 
doubtedly some reason for this distinction, inas- 
much as these vessels have not been detected in 
the wood, but always in immediate' contact with 
the pith. I shall more particularly examine this 
opinion before describing the structure of the pith. 

2. The Divergent layers * consist of flattened 
masses of cellular substance, which cross the con- 
centric layers at different parts, smd, separating 
the bundles of longitudinal tubes of which they 
consist from each other, produce the reticulated 
arrangement seen in the tangental section of any 
stem ; the oblong tubes and vessels forming the 
tissue of the network, the meshes of which are 
filled up hy the cells of the divei^nt layers. The 
individual cells, which are narrow and horizontal 
in their length, extend in seMies from the centre 
to the circumference of the wood; and conse- 
quently form nearly right angles with the tubes 
of tbe concentric layers-^. They communicate 
with each other by powss.; so that fluids may 
readily pass through the whole series, and of 

between <?. o?., the smaller vessels being marked by the figure 
5, and the larger by 6, showing distinctly their po.ous and an- 
nular structure, 

* Dr. Grew was the first author who described these layers* 
under the name of insertions. 

f Vide Plate 6. fig. 7. . 
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coarse transversely through the wood ; and Mirbel 
remfU'lss that, “ in many coniferous trees the di- 
“ vergent rays are not cellular ; but consist of ho- 
rizontal tub^ which extend from the medulla or 
“ pith to the bark*." Whether they are cellular or 
tubular, the layers, or masses, are flat, or in plates, 
with the edges placed vertically, and thicker in 
the centre than either above or below, appearing 
therefore of a lozenge shape (see marginal plan, 
p, 331) when vertically divided ; whilst in their 
transverse section they display a slight inclination 
to the wedge form^f. They are much more deli- 
cate in their structure than the concentric layers ; 
and readily dissolve, like the common cellular 
texture, so that when a thin tangental slice of 
wood is macerated in water, the divergent layers 
are decomposed^and leave the meshes of the con- 
centric layers emptjr, displaying the appearance 
of a network or lace similar to that formed by 
the macerated libCr. 

From the cellular texture of the divert "nt lay- 
ers, they are regarded by some authors as pro- 
cesses of the pith oir medulla; and hence have 
been named medullary mys ; and Mr. Keith ob- 
serves, they are “apparently nothing more thar 
“ the vesicles or cellular tissue of the pulp thai 
“ originally existed* in the alburnum now deprivec 


* Elen^ins dt Phys. veg. 1*® partie, p. 1 10. 
t Vide Plate 6, fig. 2. g. 
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“ of its parenchyma ; but still filling up the in- 
“ terstices of the concentric layers, and binding 
“ them together like a cement." But there is 
little difficulty in demonstrating the error of both 
those opinions ; for, examining the alburnum in a 
%'ery early stage of its formation at the moment it 
is passing from the gelatinous state in which it is 
first deposited, we find the rudiments of both the 
concentric and divergent layers already assuming 
the form which they afterwards maintain. Were 
any further reason required to prove that the diver- 
gent layers do not originate in the pith, it would 
be found in the fact, that many of them cannot be 
traced to the pith ; although the more conspicuous 
, of them traverse the whole of the wood, from the 
pith to the bark. 

Such is the structure of wood in the stems of 
one year s growth of ligneous dicotyledons ; and 
it is found nearly of the same structure in the root : 
a fact, which is rendered evident, not only by the 
microscope, but also to the unassisted eye, by the 
decomposition of the divergent layers in the ligne- 
ous part of roots which have been dug up and long 
exposed to the action of the atmosphere. The 
concentric layers, longer resisting the action of 
the weather, remain after the ^divergent have dis- 
appeared, and display a beautiful network, more 
or less open in its meshes, accoi’ding to the den- 
sity or sponginess of the wood. 
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IjVood in its soft state, or that in which it 
forms the outer circle in every ligneous dicotyle- 
donous stem and branch, is, as has been already 
mentioned, named alburnum. While it con- 
tinues so, it is endowed with nearly as much ir- 
ritability as ‘the Uber; and, as shall be after- 
wards fully described, performs functions of 
great importance in the vegetable system ; but 
when it becomes hard these functions cease, and 
in time it loses even its vitality 5 not unfrequently 
decaying in the centre of the trunk of trees; 
which, nevertheless, still flourish and put fortli 
new shoots as if no such decay existed. To 
on, therefore, the functions of the wood, a 
new circle of it is annually formed over the 
old ; and thus, also, the diameter of the trunk 
and branches present, by the number of these an- 
nual zones, a pretty correct re^ster of their age, 
each zone marldn|^ one year in the life of the 
part*. There are, however, exceptions to the 
criterion thus afforded of the age of the plant, for 
circumstances may occur to prevent the zone from 
being formed of a thickness which will be per- 
ceptible after a few years have passed over, and it 

is pressed between other zones. If the summer 

• 

* Vide Plate 6, figui^fes 3, 4, 5, which represent sections of 
the same stem, in the first, second, and third year of its 
growth ; and fig, 6. which displays two zones, as they are seen 
in a longitudinal section of the stem of the Elder. 
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be unusually cold, or if the leaves of the tree or 
the shrub happen to be much devoured by caterpil- 
lars, it gains very little that season in diameter. 
From the same cause the zones are also of un- 
‘.qual degrees of hardness : but, independent of 
the comparative density of each, the hardness of 
the whole increases with the age of the tree, so 
that they are hardest in the centre, and less and 
less hard as they approach the circumference. 
The ontm-most layer, being alburnum, is always 
soft, and continues so until another layer is formed 
over it ; but if the tree be barked the alburnum 
assumes the apparent character of wood in the 
same yi'ur ; and luaice it has been recommended 
to bark tri'cs the year before they are intended to 
be cut down. “The German foresters,” how- 
ever, “ have proved that wood treated in this 
“ manner is less elastic, and is more easily in- 
“jured by humidity and insects*;” which I 
conceive owing to the natural change of al- 
burnum into wood not depending on a simple 
hardening or condensaiion ; but on such a de- 
position of ligneous and other particles in its tex- 
ture, as tends* to increase the cohesiv^e attraction 
of all its parts, and consequently to augment 
both its hardiies.s and its elasticity ; while the ex- 
posure of the allmrnum, by strifiping oft’ the bark, 

* Mirbcl, rJemens' de Phj/s. 1^’^* partie, p. HO. 

• » 
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produces merely a simple condensation of the solid 
matter, a hurried crystallization of the salts, and 
a hasty consolidation of the other secret ions. In- 
deed, when wood acquires its firmness by the na- 
tural means connected with its growth, it is a well- 
known fact that the hardest is always of the slow- 
est growth; as exemplified in the comparative 
hardness of the wood of the Oak, which is of very 
slow growth, compared with that of the Willow or 
Horse Chesnut, which are trees of j-apid growth ; 
and even in that of the wood of the same tree 
when growing in a dry and in a moist situation. 

Much difference of opinion has existed among 
Phytologists regarding the origin of eacli suc- 
cessive layer of wood. Linneus conceived that 
it is formed from the -pith, and added internally ; 
but the absurdity of this opinion must be imme- 
diately obvious to any one who examines t he trans- 
verse section of any stem or branch more than 
two years old. Dr. Hales supposed that it is 
formed from the zone of the prior yeai’, by the 
horizontal dilatation of the vessels, and ' '.he 
“ shooting of the longitudinal fibres lengthways, 
“ under the bark, as young fibrous shoots of roots 
“ do in the solid earth * an hypothesis which 
has had almost as few followers as that of Linneus. 
Malpighi taught that the liber is annually trans- 


Vtgetabfe ^tafirks, p. 
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united into albunmm * ; an opinion which was af- 
terwards supposed to be fully established by the 
experiments of Du Hamel and of Dr. Hope, and 
is «till maintained by Mirbel -f-. The first ob- 
j Ait of Du Hamel was to ascertain whether the 
new layer of Yvood was formed by the bark, or by 
the former layer of wood. He raised a portion of 
the bark of a growing tree, and introduced under 
it a piece of tin foil, over which he carefully bound 
down I he bark ; and, after the wound was healed, 
allowed the tree to remain in the ground for some 
years. He then cut it down, and found layers of 
wood on the outside of the tin foil ; but none had 
beiiti formed between the foil and the wood with 
which it had been placed in contact J. This experi- 
men. , although it was decisive of the fact, that the 
new layer of wood is not formed by the old layer 
Yvhich preceded it, yet has been justly objected to 
by Mr. Knight as by no means confirming the opi- 
nion of Malpighi regarding the transmutation of 
the liber into wood; and the same objection may be 
applied to the following experiment of Dr. Hope, 
iletailed by Sir J. E. Smith, on the authority of his 
son. Dr. Thomas Hope. “ A longitudinal incision 

^ Anai , Planinrhm. 

t “ La transforiDaticni tin lilier en aubier esi prouvt*e par 
‘‘ robservation niicroscopupie Dt ]>ar I’exporioiK't Eiemens de 
PhlJS, very, p. 10(f. 

t Phy^. dv Arhrsy 1. iy. c. 7. 

/ 2 
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“ several inches in leng:th was made in tlie bark of 
“ a branch of Willow, three or four years old, and 
“ the bark loosened, so that it might be slipt 
aside from the wood in the form of a hollow 
“ cylinder, the two ends being undisturbed. The 
“ edges of the bark were then united as carefully 
“ as possible, the wood covered from the air, and 
“ the whole bound up to secure it from external 
“ injury. After a few years, the branch was cut 
“ through transversely. The cylinder of bark was 
“ found lined with layere of new wood, whose nuni- 
“ ber, added to those in the wood from which it 
“ had been stripped, made up the number of rings 
‘‘ in the branch above and below t he experi- 
ment But if these experiments do not prove 
the truth of Malpighi’s opinion, they completely 
disprove the hypothesis of Hales; and throw great 
light upon the fact, that the alburnum is actually 
formed from the secretion deposited by the vessels 
of the liber ; an opinion which has been fully es- 
tablished by the experiments of Mr. Knight -f-. 


* Introduction to physiological and systematical Botany^ 
chap. iv. 

f It is but justice to say, that although Dr. Hales states it 
as his opinion that the new zone of wood is formed by the 
shooting of the longitudinal fibres lengthways under the bark, 
** as young fibrous shoots of roots do in the solid earth yet 
that he afterwards remarks, we may observe that nature has 
taken great care to keep the parts between the bark and wood 
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Before, however, entering into the details of Mr. 
Knight’s doctrine, it will be proper to notice that 
of Dr. Grew, who conceived that a new ring of 
sup-vessels is first generated in the nmcilage 
thrown out between the bark and the wood, to 
which he gave the name of Camhmm ; and this 
ring of vessels, lining the inner surface of the 
liber of the former year, is converted into a new 
layer of liber that ultimately splits into two por- 
tions, the outer of which forms the new layer of 
bark, and the inner the new layer of wood. Not- 
withstanding the inconsistency of this hypothesis, 
in supposing that the mere separation of the two 
jiortions of the liber could produce, in one of 
tliese, a new organization and properties, so dis- 
tinct as those which the wood possesses from the 
liber, yet it has been characterized, by a late able 
writer on vegetable physiology, as “ perhaps more 
“ conformable to fact” than any other *. Du 
Hamel made several experiments to ascertain 
its truth. He passed threads of fine silver wire 
through the bark of a tree, some near the outer 
part, or towards the epidermis; others near 
the liber, others through the liber itself; and 
others between the wood and the liber. After 

“ always very supple with slimy moisture, from which ductile 
“ matter the woody fibres, vesicles and buds are formed.” Ve- 
gelablc Slaticks, p. 340. 

■* Mr. Keith. 
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some years, when the tree was cut down, tliose 
that were placed towards the epidermis were found 
covered by a thin, decayed, and friable crust 
only ; those that were placed near the liber were 
now among the external cortical layers ; those 
that were passed through the liber were now im- 
bedded in the wood ; as were those, also, that had 
been placed between the wood and the liber*. At 
first sight this experiment appears perfectly con- 
clusive of the truth of Grew’s opinion ; but, when 
we consider the probability that the wood and 
the liber are formed at the same time ; for tlie vi- 
tal action which is capable of forming tlie one is 
undoubtedly equal to the generation of both ; the 
difficulty of drawing an accurate inference from 
such an experiment is obvious : and if our reason- 
ings must be hypothetical, there is certainly more 
wisdom in deciding in favour of that conjecture, 
which explains the effect by simple and direct 
means, than of that which supposes two causes, 
the one consequent on the other ; and the second 
involving a difficulty as great as that which it is 
intended to explain. 

But the true explanation of the phytological 
fact under consideration, was reserved for Mr. 
Knight, whose experiments and observations have 
settled almost every doubt upon the subject. Mr. 
Knight could not avoid admitting that the ex- 
periments of Du Hamel and of Dr. Hope were 

^ Physique des Arbres^ L iv. c. 7* 
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sufficiently satisfactory, so far as regarded the 
fact that the presence of the bark is necessary for 
the formation of the new zone of wood; but he 
denied their conclusions ; and it was still essential 
to ascertain whether the wood is transmuted liber ? 
or, if not, whether the matter of which it is 
formed be a secretion from the bark, or supplied 
by some other of the vegetable organs ? That it is 
not transmuted liber is evident from the dissimi- 
larity of the liber and the alburnum. Thus, accord- 
ing to Mr. Knight *, the commencement of the 
alburnous layers in the Oak is distinguished by a 
circular row of very large tubes, which appear in 
spring, arranged in ridges in a gelatinous mass, 
beneath the cortical vessels ; but such tubes are 
not found in the bark of the tree, which would be 
the case were the alburnum a transmutation of the 
liber. The bark of the Wych Elm (Ulmus monta~ 
na) also is so fibrous and tough that it may be 
formed into cords, while that of the Ash (Faxinus 
excelsior) is very fragile and not at all fibrous; ne- 
vertheless the wood of both these trees, and conse- 
quently the alburnum, is nearly alike -f*. As con- 
vincing a proof also is the simple fact, that the 
layer of alburnum is often more than twice the 
thickness of the bark. But the question was set- 
tled by the following experiment of Mr. Knight. 

* Philotophkal Transactions, 1805. 

z4 


•f Ibid. 1808. 
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He cut out a ring of bark from the stem of an 
Apple tree, and another from that of a Crab tree, 
which were particularly distinguished from each 
other by the colour of their wood. He then trans- 
posed these rings, applying and fixing, by means 
of a firm bandage, the bark of the Crab tree quite 
round the uncovered part of the stem of the Apple 
tree, and that of the Apple tree round the stem 
of the Crab tree. The air was excluded from 
both by a plaister of bees wax and turpentine, 
and covered with well-tempered elay. The in- 
ner surface of the Crab tree bark had sinuosi- 
ties that corresponded with elevated parts of the 
alburnum of the tree from which it was taken, 
occasioned by the former extension of many 
branches; but that of the Apple tree bark was 
smooth. In a short time a vital union took place 
between the applied pieces of bark of both trees, 
and the bark and alburnum of the trees on which 
they were bound ; and before the end of the ensu- 
ing autumn “it appeared evident that a layer of 
alburnum had been, in every instance, formed 
“ beneath the transposed pieces of bark, which 
“ were then taken off.” “ Examining,” conti- 
nues Mr. Knight, “ the organization of the albur- 
“ num, which had been generated between the 
“ transposed pieces of bark of the Crab tree, and 
“ which had formed a perfect union with the al- 
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“ buniiim of the Apple tree, I did not discover any 
“ traces of the sinuosities I had noticed ; nor was 
“ the uneven surface of the alburnum of the Crab 
“ tree more changed by the smooth transposed 
“ bark of the Apple tree. The newly generated 
“ alburnum, beneath the transposed bark, ap- 
“ peared perfectly similar to that of other parts of 
“ the stock, and the direction of the fibres and 
“ vessels did not in any degree correspond with 
“ those of tiie transposed bark Nothing, in, 
my opinion, can be more decisive of the ques- 
tion than this experiment; for, although Mr. 
Knight himself modestly suggests that it is not 
“ calculated to prove that the newly generated 
“ hark was not converted into alburnum yet it 
is not probable that the merely transposing the 
bark of one tree to another would alter the ori- 
ginal features of the liber of the transferred por- 
tion in so short a period as one season, if such a 
change should even afterwards occur ; of which, 
however, we have no evidence. The obvious con- 
clusion therefore to be drawn from this experiment 
is, that although the alburnum is generated 
through the medium of the bark, yet, it is deci- 
dedly not transmuted liber. 

The opinion of Mr. Knight is, that the bark 
deposits the alburnous matter ; but that the leaves 


* Phil. Trans. 1808, Part I. p. 104^. 
3 
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are the organs in which this matter is elaborated 
from the sap ; or, in other words, that the albur- 
num is generated from the cambium, which is 
part of the proper juice of the plant, formed by 
the exposure of the sap to the light and air in the 
leaf, and returned from it by the vessels that pass 
down from the leaf into the interior bark, by which 
it is deposited. To determine this point, he re- 
moved narrow circles of bark from shoots of Apple 
trees, “ leaving a leaf between the places where 
“ the bark w’as taken olf ; and on examining them 
“ frequently during the autumn,” he found that 
the diameter of the shoot between the insertion of 
the leaf-stalk and the lower incision was as much 
increased as in any other part of the tree ; but 
when no leaf was left “ on similar portions of in- 
“sulated bark, on other branches of the same 
“ age, no apparent increase in the size of the wood 
“ was discoverable No other inference, than 
that the leaf is the essential agent in producing 
the increased diameter of the wood, could be 
drawn from this experiment: and Mr. Knight 
further found that where the deposition of the 
proper juice returned from the leaf is greatest, 
that is, at the points where the returning vessels 
enter the inner bark, there the formation of al- 
burnum is observed to take place in ridges cor- 

Pku Trans. 1801, P. I. p. 2, p. 335. 
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responding to the number of the vascular 
bundles. The fact, indeed, that the leaf *8 es- 
sential for the formation of wood, had been ob- 
served by Dr. Hales, who took off circles of 
bark half an inch in breadth, at several places, 
from two thriving shoots of a dwarf Pear tree, 
leaving on all the remaining intervening ringlets 
of the bark, except one, a leaf-bearing bud, whicli 
produced leaves the following summer. Each 
ringlet, on which a bud was left, grew and swelled 
below the bud, or at its lower edge ; but that one 
on which no bud was left “did not increase at 
“ all * hut he drew a very different and less pro- 
bable conclusion from his experiment, which it is 
unnecessary to mention in this place. 

The above-mentioned experiments of Mr. 
Knight readily explain why trees and shrubs, 
the leaves of which are destroyed by caterpil- 
lars, form scarcely any new wood in that sea- 
son ; and, indeed, every one who has ever pruned 
a tree, or shortened a growing twig, must have 
observed that the part above the last leaf al- 
ways shrivels and dies, while all below it con- 
tinues to live and increase in diameter: and we 
observe the same thing in the lower part of the 
stem of a young tree, when a portion of the bark 
has been gnawed off by sheep, or accidentally de- 
stroyed. The part above the wound eontinues to 


* ycgctablc Staticks, p. 145, fig. ^8, ‘20, 80. 
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augment in diameter, as i-epresented at a in the 
marginal cut, because it is supplied 
the alburnous matter furnished 
from the leaves ; but that below it, b, 
ceases to grow, and continues in the 
same state, the communication by the 
interior bark between it and the' foli- 
age being completely destroyed. From 
the same cause, also, the pith of a 
stem is thrown apparently out of its 
centre, for some distance below the 
point where a branch is given off; a eircuiustauce 
which I shall very soon have occasion more par- 
ticularly to notice *. 

The only objection of any weight which has 
been advanced against Mr. Knight’s theory, is 
founded on the fact, that when a stem is wholly, 
or in the greater part stripped of its bark, and 
the denuded surface excluded from the action of 
the air, a glary fluid is exuded from the albur- 
num, or soft wood, which gradually becomes or- 
ganized and cellular. Detached spots of bark 
are thus reproduced, and, gradually extending, 
coalesce, until the stem is again clothed with 

* Vide Plate 6, fig. 6. which displays, moderately mag- 
nified, a longitudinal section of an Elder (Sambucus nigra) ot 
two years growth, with a luxuriant branch of the same age : — 
a, the trunk has the pith c. in the centre, except below the 
branch b. where the additional wood c. jaugments the diameter 
of the stem on that' side. 
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a new bark, capable of performing all the func- 
tions of the original. This fact was first observed 
by Du Hamel. But Dr. Hope’s experiment proves 
that a similar matter is exuded from the liber, 
wdien the bark is detached from the wood ; and 
Mr. Knight observed that in this case it becomes 
sooner organized than when it is exuded from al- 
burnum ; and as we cannot conclude that the new 
bark is first generated from the former year’s al- 
burnum, and then the new alburnum from this 
newly formed bark, the only mode of getting over 
the objection is, by supposing that, under that 
state of circumstances which as it were obliges 
the wood to form a new bark, the descending 
juice from the leaves being impeded in its course 
downwards through the bark, finds its way into 
the alburnum in much greater quantity than is 
required for the ordinary purposes of the plant 
in that part of its structure ; and the alburnous 
vessels taking on a retrograde action, it is thrown 
out in the manner descrii^ed at different points 
over the denuded trunk. This opinion is sup- 
ported by analogy in the animal body, on which, 
when one organ is destroyed, its function is per- 
formed by another. We are, therefore, fully war- 
ranted in adopting Mr. Knight’s theory, as far as 
it maintains that the wood is formed from the 
proper juice which descends from tlie leaf through 
the inner bark : but, in doing so, there are some 
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points which have been overlooked by Mr. Knight, 
and to which it is necessary to direct your at- 
tention. 

In explaining his theory, Mr. Knight seems to 
.mply that the whole of the change whicli tlie sap 
undergoes is effected in the leaf, and that the 
liber is the mere medium of transmission of the 
alburnous matter. But if, as we must admit is 
most probable, the whole of the secretions of the 
plant are produced from the same proper juice 
elaborated from the sap, by its exposure to light 
and air in the leaf ; and consider the great diver- 
sity of these ; it is more likely that some altera- 
tion takes place in the bark, previously to the 
cambium being thrown out by its vessels ; and, con- 
sequently, we must admit the force of Mr. Keith’s 
suggestion, that it is “ possible the proper juice 
“ may receive its final degree of modification in 
“ the bark itself*.” It is by such an admission 
only that we can satisfactorily explain the fact 
observed by Mr. Knight in one of his experiments, 
that a small quantity of wood was generated even 
at the lower lip of an insulated portion of bark, on 
which there was neither bud nor leaf -f-. It is also 
necessaiy for the sake of those unacquainted with 
physiological reasonings, to remark that it is not 


■* System of physiological Botany, vol. ii. p. 229. 
t Phil. Trans. 1803. 
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to be supposed, from the term deposition of albur- 
nous matter which Mr. Knight employs, that no- 
thing more is necessary for the formation of the al- 
burnum than the deposition of that matter. For 
although albnrnous matter niay be justly said to be 
generated from the sap after its elaboration in the 
leaf, whether we designate it by the term alburnous 
matter, or cambium, or proper juice, yet it is merely 
the pabulum ; the organization of the alburnum, 
or the transmutation of the cambium into its cel- 
lular and vascular texture, being the result of the 
vital principle operating upon it, in a manner which 
we do not understand, and not of any simple coa- 
gulation, or attraction, or chemical affinity of its 
parts, in any way similar to what would take place 
in the same matter, wherever deposited, if de- 
prived of vitality. The simple fact, therefore, is, 
that the sap is changed into proper juice in the 
leaf, and returned into the bark, where part of it 
being poured out in a gelatinous form between the 
liber and the wood, there lacomes the raw material 
from which the new zone of wood, in its state of 
alburnum, and the new layer of liber, are ma- 
nufactured by the vital principle inherent in the 
living plant. 

Such is all that is necessary to be known, in 
the present stage of our investigation into the 
origin of the annual zones of wood, by which 
the diameter of ligneous dicotyledonous plants is 
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augmented. Many important points, indeed, re- 
lating to the inquiry, and involving other hypo- 
theses, still remain to be examined ; but these 
must be deferred until I again bring the question, 
as it is connected with the general theory of the 
growth of the vegetable body, under your consi- 
deration *. The following simple facts, therefore, 

* Although it is unnecessary to load the text with any fur- 
ther details of the various hypotheses, which have been ad- 
vanced in explanation of the origin of the annual zones of 
wood, which increase the diameter of ligneous dicotyledons, 
yet it may not be improper to give here a slight sketch of that 
of M. Aubert du Petit Thouars, which has for some years past 
divided the opinions of the French Botanists. He regards 
each gem which exists at the axilla of a leaf, as an em- 
bryon resembling, in some respect, that contained in the seed ; 
and which, to effect its evolution, draws its nourishment from 
the succulent parenchyma on the bark on which it is seated, 
and with which he supposes it to have an immediate communi- 
cation. As soon as the gem begins to be evolved, it sends 
down fibres, which our author regards as the roots (veritables 
racines) of the gem; and these growing and extending by 
the organic power (qui, comme Telectricite et la lumiere, 
semble ne point connoitre de distance), pass down between the 
wood and the bark from the gem whence they originate to the 
roots of the tree, taking up, as nutriment (la matierc de leur 
accroissement), in their passage the viscous fluid, or cambium, 
which at this season is found between the wood and the bark. 
The sum of these radical fibres constitutes the new layer of 
wood, which appears in a concentric circle, owing to the 
leaves, and consequently the gems, whether they are opposite 
or alternate, rising on every point of the circumference of the 
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relative to the origin and increase of the cono^ 
trie zones of wood, observable in the toan^verae; 
section of any tree or shrub of more one 
y^r’s growth, and which has sprung from a seed 


stem or shoot. In the same manner, he supposes the liber is 
formed by an equal elongation of the fibres of the iote^or 
bark of the gem ; so that each g^ haS thus a dodble cwmiu* 
nication with the root of the tree. The latter part of our att« 
thor’s opinion closely reaambles dhiMt promtdgated by Dr. Dar« 
j|ho suppo|^ng the theoiy of the i|^yidxmlity of buds, 
thus expresses himself The bark is. an intertexture 
of the caudexes of the numerous buds, as they pass down 
to shoot their radicles into earth*’ (Fkyfy}logiaf 4>to. 1800, 
chap. i. $ 1, 2> S) ; but he aboao fiur ihamtained Ae opinion of 
Du Hamel, as to suppose timt as these caudexes form a new 
bark over the former that of the^ last year is transmuted 
into alburnum. M. Aubert Du Petit-Thouars explains the 
formation of the medullary rays by supposing ^hat the fibres 
which, according to his doctrine^ cUJ^sudilute 4he new layers of 
il^ood and liber, d^ternuno foramt^ of a certain quantity 

of parenchyma, which is interiorly by the ligneous 

fibre, and exteriorly by the fibres tha# form the new liber. 
('Essais sur la VSgStation c^nsidSrSe dans U DSveloppement des^ 
Bourgeons^ Paris, 1809, 2^ Essai.) 1 shall not endeavour to 
point out the very hypothelical nature of this doctrine; but 
merely observe, that, with the exception of the remark that 
each gem is a distinct embrypn, the whole is founded upon 
assumption ; and that it is utterly destroyed by the simple faqt, 
that isolated spots of bark and alburnum are formed on de» 
corticated stems, which cannot be the roots descending from 
the gems, unless we suppose that these have penetrated l^te 
wood and again protruded at the points where the new pa^faa 
of bark and alburnum appear. 


VOh. I. 


A A 
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more cotyledons, are to be r^arded 

^Pbat the proper jmce de^pending Hom the 
k^^^rough the vessels of the bm'k, wad pour^ 
ont between it and the wopd of the preceding 
yea^j is the {uaterial from which the new wood or 
|{|l)>qi|hum is formed, r 

3. That the organic power, or vital principle, 
inherent in (be plant, transforms this vis(X)us 
fluid into cells ca* ve^ela, or r^^lariy orgaaiz^ 
afonnium the divergent layers being formed at 
the same time as the vertical or concentric layers. 

3. That under Certain oircumstances, such as 
t^ entire decortication of a stem, the lateral com- 
munications, which exist throughout the vegetable 
structure, may conduct the descending juices 
through the woody so as to be thrown out in 
d^ached spots <cm ks surface ; and there be trans* 
flwmed into new bark and alburnum. 

The use of the wood to the plant, exclusive of 
*its power of ^porting add elevating the buds 
their leav^ fmd fructification in the atmo- 
il^here, is chiefly confined to its soft or albumous 
state. In this fixate it is endowed with a high 
dagtee of irritability. But if it be freel exposed 
to the atmosphere during a few hours only, all 
viagetatien for ever ce^s on that surface ; and, 
.altifough the bark may close above it, and new 
wood be formed over it, yet, no vital union 
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and t|^e netr will always reniain 
distinct*. In th^ state, also, tniHas 

Che sap is tBisel % the sdniSidi' of llte 
tfoetei and, acie^dl^ to ■ to. 1^^ whenidtis 
function cea^ in^wtoer^' it becomes “ a reiSu#olr 
**of the sap ot^ bhM of'tite ttbe, as the hl^ of 
“ the Hyacinth and Tulip, mid the tUbpr of >i^ 
“ Potatoe certainly do of the sap of blodd^f ^lmBe 
* plants ;” an analc^ which is good; bat We sioit 
t^aek, in making this admisf^, tbaC it bi bbt 
the sap, •but the proper 

which is there laid up, and is dissdved by^Che 
first ascendi^ sap in the spring: 

The alburnum does not attain its entire thiOkn 
ness at once; but continues to increase durii^ 
the greet^.patt of the sumaier, at least till after 
the midsummer shoots are protrnded ; and even, 
if citcnnistances occur to Its pn^;i^, such 
for example as a Week of Pery cold WeathW* 
in the middle of the season, two layers may be 
formed in the Hime year ; an eveiM not unlilnly to 
happen in this variable cMmaSe, and whkh throws 
an ntt^rtainty on the model whiidi has been 01- 
neOdy alluded to, of determitnqjg the age of tMiw 
1^ coUiylng the number^ theaobeentric aomwtf 

.5 • 

* In this wood the divergent rejw we dwf|ae% ei|fe ; 
a sufficient reason, as Mr. Knight remfHM, fc>r bditn^; 

Wey are not processes of the pith. 

A A 2 
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wood dU|»]^y4d in the tmasvers^ s^(iion,<^^ 

An B%|iinujn cljanges into wood it its 
iviia^ty ; l>ut ^ii of fhe 

ii|B^ ^ch Jtfeis ^Mnge is 

d|Q|ida'ai:um in J?i^o o 

tW the ligttifica^wi. is ll|ie . Q^^ of the 
Joss of fluid partSj th^ approidniation of 
Sfflid, cannot be admitted as correct; becaioe, 
the drying of the albomumcven after a 
tfeeis.cnt down, ^uld give it the consistence and 
chaxf^^eristics of perfect which npt the 

fact^. J am inclined tP beiicvei that the ligneous 
matter is deposited Id a jnanner somewhat ana- 
iogons to the deposidoQ of,tlm phosphate of lime 
in bones ; and that this deposition continues to be 
effected long after , the albiirnum aGaumes the .chta- 
sacter of wood. Tbe^ heart wood, even qf.pn old 
tree which is souhd, contmns 8ome, .ino^ure as 
longas tise tree continues t<\grQw, which can only 
b«: accounted for by supposing that it still Uv^s .f^ 
and> , consequently, is in sojoan d^ree ,tpidir.,tl^ 
control of the jtn^anic. /power ^ and,i 
coniinnaioadon..iftrpreserved hPt^oen 
anditha iid»rior the ptep by means pf ^hp 
gent i«ysi?lherd,is no.|»innbabiUfjJ^P 
that a sufficient supply (d proper . Juice finds its 

'* Darwin' (Phytoilogta, xrhi. ;$ 2^' 12.) aasnrta tbat the 
heart or internal wood is not alive ; but this is not the casOi 
^ihe whole is alive whilst the tree remains sound. 
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wsyto the itiii«niib8t ,lciyer of wood, lihtil that 
bits received its final d^ree of indnratii^. 1 know 
of no olNseiwatMiHi ^ich tend\) prove that 
conoefitric zoni^ ; tfie ^minlshed in thic^e^ a| 
they increa^in inid de^ whkh wd^ 

be the case, did they shi^lt* or id^^er any win*' 
pression; and if it be lirnit that no such cfaadj|ifif 
takes place, thar {irbgresidve induration can be 
explained only by admitting %hat there is U 
tinual deposition of new* matter. Hie trtrth of 
such an opinion is farther confirmed by the change 
of colour, which the alburnum undergoes in pass- 
ing kito the state of perfect wood. With legartf 
to the period at which the wood attains its final 
degiee of induration, I would say, with Mr. 
Keith, that perhaps no layer has. acquired this 
state until “ such time as the tree has arrived at 
« its full growth*.” 

Returning to. our shoot of Horse Chesnat, if 
we scoop out the pith the ligneous cylinder 
that encloses it, we perceive this is lined with a 
thin green layer or coating; n^ch^ to the un- 
assisted eye, appears to reiciinble in its structure 
rather the cellular integument ’bf the bark thto 
any part df the surrounding Wbod. This is the 
MtEDUiAARY' sueath (etui ‘miduUtivre ) of Mirbel 
and the French Botaniits : for, a,lthoogh it was 

> * System ^ physiological Botany^ v<jl. ii. p. -230. 

aa3 
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filist iMlic^ by Df. Hill, who^ itattiied it 'Corona, 
has 'baen Overlooked or confounded iritb 
tte'wood, or the tEtbumnhi, ti^ ainMWIPe#iy stic- 
Ceediof* British PhytcAOj^st^ tiatillifr. Kii%bt's at* 
ton6<ni -was direct^ to it in sear^b^ for his <^* 
tnd vessels. lt% readily distin|^idshed>"i« either a 
ttfoisivrse or a longitndinii i^tSon of many stems, 
by its green colour, which apjlears de^er as eon- 
traiaod vdth the dead white, t^ more usual fane of 
tfaa which it surnmnds ; but it is also easily 
traced in the succulent dicotyledonous stem aS 
soon as it is evolved frotn the seed, s^,rating the 
pith from its herbaceous investiture. • < 

When viewed trader the lO’troi^P® rae- 

duMary sheath appears to be composed of a cel- 
Itdar substance, in tsliich are imbedded longi* 
tudinal layers of’^ital tubes*, it is not easy 
to comprehend the mrainingitf Mr; Knight, when 
be speaks of another description Of vess^ as 
being found tssrej to which he says ’'* ^ SpM 
** vessels are every where afiqtendages,*’ and Whidh 
he 'names caatitd vessels, ** to ^tb^ish' them 
from the i^iral tubes and the eomiaon tubes 
the Wood*^.” f In tlfo ^ems Which 1 have 

.‘j'fi-'f’i.-V'f .■fV-’ ■■ '■ ■ '('.c 

> f Vide PiateO, 6g. li itk winch Ute froBiid. Vo & re^ 
the lyifieariuioe <iS the atedidlwy abe«th in a longiutdi- 
nal section of an annual twig of Horse Chesnut ; 7. 7. the 
bundUes of spiral vessels; and 8* the parenchyma, or green ccl-. 
lular lining of the sheath. 
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inuied, the spiral vesseis are seen In sanie^ihftaDeest^ 
detached, or not knmedi^ely acoonip^efl by any 
other descripitioa of tess^^dln others they are 
accompanied by either crUmferm ori AnnMhiir 
sels apoording hB<tbe one ofher, of theeearaj^ 
common vessels fi€ the ^dbumura and wooch Tha#* 
in loOgitudidnl and in sectim^ of the 

medullary sheath of the Horse Chesnut,.;.the s^h^ 
ral vessels ore accompanied with, the edbrifioHpt 
vessels only of the wood; tmd ouch is^ also, the 
case in the Blder; (Sambneus nigra), and in the 
Lilac (%rtnga vulgaris) . in jtbe £^stio-gura Fig 
tree (Ficus elastica), the sheath of whi<ii is j^ot disr 
tinguisbab^ by colour, the spiral vessels are ^seen 
close to that part Of the first yjear’s wood, wbiob 
touches the, pith, and consequrafly in the dtuatloo 
the 8heath«; but they are/||ot immediately ac- 
companied by any other vessels: those niearest to 
them]!' however, are ctibrifiotmi, like the larger 
vessels of the wood; In the Mettiar (MespUus), 
ht .ipdfich tbase is, likewise, no evident mec^ullary 
^eplh, the spiral tubes, which are very nnnieroiw, 
ere aecdnpaiiied by the cmamoa; vessels only of 
the albumum : and hi; the. Cinnamon (Lauras 
Gmnamfmi) the accompanying vessels are annular, 
such bmng. the vessels of die aUmroum .and the 
wood: The cells of the medniimry sheath (Plate 
6, fig. 7, d. e. 8.) are narrow and oblong ; and, 
therefore, when it< is not colouiyd it is scarcely 

■ t I i\ 
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di^nguishable from the wood, except by the spi- 
ral vessels t which have not yet been discovered 
in any layer of formed wood subsequent to the 
first; for their app^ent existence in stems and 
bradches of several years’ growth, is owing to 
the llgnification of the medullary sheath. Grew 
and Hedwig, however, have represented them as 
existing in the wood ; but, although I have 
searched for them in every species of wood, yet 
I have not been able to detect them ; and as the 
same result has followed the investigations of Du 
Hamel, Mirl^el, Knight, Mr. Keith, and others, I 
am inclined to regard my conclusion as correct. 
The cells which are between the layer of spiral 
vessels and the pith (Plate 6, fig. 7, d. e. 8.); and 
which are the site of the colouring matter, when 
this part of the stem is green, as it is in the 
example now before us, have a cribriform struc- 
ture. 

The spiral vessels of the medullary sheath vary 
in their arrangement, and thus the widely separated 
bundles they form in the Elder, ^ve the canid of 
the pith a furrowed character; in the Pear tree their 
arrangement produces an irregular pentagon ; aiid 
this is, also, the case in the Oak ; while in laurel- 
leaved Magnolia, M. grandiflora, the bundles are 
seen at the distsince of four or five diameters from 
each other, and projecting forwards, so as to seem 
imbedded as it^were in the pith. But, whatever 
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may be the arrangement, it appears to be in n 
great degree regulated by the disposition of the 
leaves, into which the spiral vessels in every in- 
stance direct their course, leaving for that pur- 
pose the medullary sheath, and traversing the 
wood; a little below the insertion of each leaf. 

As the medullary sheath forms the only parti- 
tion between the bark and the pith in the tender 
succulent shoot, before the ligneous matter is de- 
posited, and is in its texture lax, and incapable of 
affording suffident support to the delicate coats 
of vessels, such as are found in the alburnum, if 
these were distended with ascending s^, the 
vessels that run . through it are of a diflferent 
structure from those of any other part of the ve- 
ge&ble. The ela^ic thread of which these spiral 
vessels are formed is tough, and possesses irrita- 
bility ; and being stimulated to action by the effort 
of the. sap to dilate the diameter of the vessel, 
contracts in its length in each coil alternately, and 
i^r each contraction agmn returns to its first 
state, produdng a veitnicular motion, which 
enables these vessels to conduct forward the sap. 
Tteis the contraction in length of the portion of 
the thread which forms the first coil, lessens the 
diametei^f that portion of the lube, and }]ence the 
fluid contained within in it will be displaced and 
moved either upwards or downwards ; but as the 
resistance opposed to its returij.. or movement 
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downwards, is the greater owing to the pressure 
of the ascending sap, it must necessarily advance ; 
and tMs contraction being repeated in every suc- 
cessive coil, the Quid is mc^d forward with a suf. 
iicient impetus; while the new quantity of sap 
which supplies the place d that carried forward, 
and which rushes into tt^ coil at the instant of its 
relaxation, forming the iMtsis of resistance to the 
return of the portion before it, and at the same 
time exciting a renewal of tb^ contraction, its pro- 
gression must be uninterrupted. 1 should be an- 
ticipating what 1 have to say on the general ascent 
of the 9 ap (or, as it has been erroneously termed, 
its circulation), were I now to explain the m^ns 
by which this fluid is raised through the ligneous 
parts of a tree, iintR it arrives at the succulbit 
twigs, in which alone the spiral vessels are active ; 
and it is, therefore, here merely necesssuy to add, 
that I beUeve these to be the only vegetable, vessels 
endowed with contractility, or which act in any 
manner analogous to the arteries of animals. If 
this hypothesis be maintainable, the spiral vessels 
are the sap vessels of the succulent stem and the an- 
nual shoot of dicotyledonous ligneous plants ; and 
their spiral structure is essential for the performance 
of their conducting function, in the sporty medul- 
lary sheath, or cellular parenchyma in which they 
are imbedded. How long they continue to act as 
sap vessels it is jpipossible to conjecture ; but they 
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may maintain their irritability, and consequently 
their contractility, for two or more seasons, or as 
long as the medullary sheath remains lenient ; 
although, as it is not ^necessary for the progression 
of the sap that they should act by alternate con- 
traction and dilatation, after the albumous or lig- 
neous vessels are completed, it is probable that 
they lose these propertfes, after the first y^r of 
the life of the stem or of the twig. , 

If we inquire what are the opinions of other 
phytologpsts respecting the functions of the spiral 
vessels, we find Malpighi regarding them as bron- 
chia, or air-vessels*, and the same opinion is 
supported by Grew^, Hal^ j;, and Du Hamel 
Grew, however, believed that they acted as sap- 
vessels in the wood [jj in which, as I have already 
stated, be fancied he had detected them ; and Du 
Hamel once suspected that they might contain 
highly rarefied sap. The supposition that they are 
air-vesspls, probably ori^nated from their always 
appearing empty when examined ; but on the smne 
account the animal arteries were r^^rded as air- 
* vessels by the ancients and their followers, until 

, * Anat, Plmiarum. 

. f Anatomy of Plants^ fol. edit. 

t Vegetable Statics^ chap. v. • • 

§ Physique (fes Arbres* 

II His words are, in the wood the sap ascendeth only by 
“ the air-vessels.’' Vvg. of Trunks^ chap.j. 
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the disdoveries of the immortal Harley demon- 
strated them to be blood-vessels. The opinion 
that they contmn air only, is still maintained by 
Mr. Knight, who supposes them to be appendages 
to another set of vessels, which he denominates 
central, and through which he supposes the sap 
ascends as soon as it arrives at the bud or suc- 
culent shoot, “ aided by the spiral vessels*.” 
I have howe\er demonstrated to you that the 
spiral vessels are unaccompanied by any others, 
at least in all those trees which I have examined, 
and are even at some distance from the alburnous 
vessels in the annual shoot of many plants. 
Mr. Knight, it is true, in another essay -f*, en- 
deavours to explain the meaning of his term cen- 
tral vessels, by saying that they are the same 
as the tubular tissue of M. Mirbel ; but, as the 
spiral vessels form part of Mirbel’s tubular tissue, 
which besides comprehends all the other species 
of vegetable vessels, this* attempt at explanation 
only renders the subject more confused. Mr. 
Keith, in criticising Mr. Knight’s Explanation, has 
fallen into a curious mistake regarding Mirbel’s* 
opinion of the vessels which carry the sap. ' He 
says, “ If we regard their (the central Vessels) re- 
“^spective functions^ they can correspond only to 
“ the small tubes, as it is by them alone, accord- 


* Phil. Trans, 1801. 


t Ibid. 1807. 
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“ iug to M. Mirbel, that the sap ascends.” (Syst. 
of pkys. Bot. vol. ii. p. 119.) Now, Mirbel’s 
words are, “ la s^ve monte par les gros vaisseaux.” 
(EUmens, t. i. p. 208.) The cells of the medul- 
lary sheath are, indeed, oblong, and, therefore, 
somewhat tubular, and to these probably Mr. 
Knight refers ; but, admitting this, we cannot see 
in wh^t manner the ascent of the sap through 
these cells can be aided by the spiral vessels, the 
bundles of which are, in many instances, placed 
at the distance of three or four diameters from 
each other, and consequently the intermediate 
cells are beyond the sphere of. their influence. Mr. 
Knight’s opiniQns on this subject have certainly 
much less weight than they usually and most de- 
servedly possess. 

Grew, as I have already stated, first suggested 
the idea of the spirhl vessels acting as sap vessels, 
and Du Hamel supposed he had detected them in 
the performance of this function. Hedwig * also 
asserts, that he observed the sap issuing from the 
orifices of the spiral vessels in a horizontal section 
^qf the stem of the Pumpkin, Cuqurbita Pepo, and 
the squirting Cucumber, Momordica Elatermm; 
and Sdhebier -f*, more lately, remarked the same 
occurrence in a section of the stem of the Sago 

• Fundamentum Hist. Nat. Muscorum Jhmdosorum, Lip. 
1732, p. 55. 

f Physa vrpr, t. !• p. 107. 
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PftliB, Sagus/umt^a. 1 ]^^ Bcu'win may p^hafis, 
hcw^er, be regarded {tt^ai^aally the first who 
taught that the spiral ymeU convey fluids ; and 
be suggested the idea, #hicb, with some modifi- 
cations, I have adopted, oF the manner in which 
they carry forward their contents. “ It is easy,” 
sa3r8 he, “ to conceive how a vermicular or peri- 
“ i^tic modon of the vessel, banning at the kw- 
“ est part of it, each spiral ring contracting it- 
** eeif, till it Jills vp the tube, must forcibly push 
“ forward its contents without the aid of valves 
He, however, considered them absorbent vessels ; 
and emmeously supposed that they pass down the 
trunks -of trees from the caudex of each bud, to 
the roots. Finally, Mirbel-f- regards the spiral 
vessels as sap vessels ; whilst Mr. Kdth considers 
the reformed opinion o£ Grew the most correct, 
namely, that they transmit not only air but sap 
c. The MeduUiA or Pith. Returning to our 
shoot of Horse Cbesnut, we find the tube which 
is formed by the wood and lined with the medul- 
lary sheath, as has been already described, filled 
with a white, dry, very compressible, spongy sub- 
stmiee: — ^this is the Medulla or Pith. In the suc- 
culent state of a stem or a twig, it is tur^d i^th 
aqueous fluid; but befinre; the wood is perfected it 

*Fh^ohgifl, sect, Ilf 8 . 

t Eiemens de Phys, vSg, 1*^ paftie, p. 905, 

System of phjjM, Boteny^ vol. ii« p» 120. 
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becomes dry and ^agy ; exccipt near the termi- 
nal bud; or where branches are given off, in wMch 
places it long' retains its moisture. 

The form of the pith is regulated by that of the 
cavity it fills, which in the majority of instances 
is nearly circular ; but to this there are many ex- 
ceptions. Thus, in a horizont^ section of a young 
stem or twig Of the Elder,' Sambncus nigra, and 
the Oriental Plane, Platanus orientalis, we find 
it circular, but furrowed by the bundles of spiral 
vessels of the medullary sheath. It is oval in the 
Ivy, Hedera Helix, and the Ash, Fraxinus ex- 
celsior ; irregularly oval and furrowed in the Ori- 
ental Plane, Platanus orientalis; triangular in 
the Oleander, Nerium Oleander ; pentangular in 
the Oak, Quercus Robur ; four-sided, with the 
angles obtuse or tetragonal, in common Lilac, Sy- 
ringa vulgaris, and yellow flowering Horse Ches- 
nut, iEsculus fiava ; pentagonal in the Walnut, 
Juglans regia, and hexagonal in the common 
wood, Cornus sangumea. M. de Beauvois is of 
opinion that the situation of the leaves on the 
stem, regulates the form of the tube which the 
pith fills, an opinion which M. Mirbel* regards as 
fallacious*, but it is nevertheless true, that in 
the horizontal seOtion bf many stems, the forai of 
the medulla differs at, and immediately under the 


* ElSmens de Phyt. 1*" partie, p. 111. 
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places where the leaves are Sfated^ from M'hat it 
is in the Intermediate spaces. In the LHac, for 
exanaple, the obtuse tetr^n becomes an ellipsis 
near the insertions of the leaves, which are op- 
posite; while each angle of the Oleander is length- 
ened into a horn or process. But besides these 
diversities of form, the pith varies in diameter 
in other respects. In the young tree, of a few 
inches in height, it is smallest at the basis of the 
stem, largest in the middle, and smaller again 
at the summit ; and in the growth of each future 
year, nearly the same variations in its diameter 
are observable. 

'I’he pith, in the majority of ligneous (hcotlyr 
ledons, is longitudinally entire; but in some^ 
the Walnut for instance, it consists of a succes- 
sion of transverse diaphragms intersecting the 
hollow cylinder of the wood, with the interven- 
ing spaces empty *. In others' the continuity of 
the medullary column is broken by ligneous plates, 
which preceding from the side of the central 
tube, either partially intersect it or completely 
partition off portions of it, as in several of the 
Magnolias ; while in others, again, it is mi^rely a 
spongy sheath, lining the interior of the cavity, 
as in th6 stem and branches of Woodbine, Loni- 
cera Perklymemm. Where the branches are 


♦Vide Plates, Bg. 11. 
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given off from a a thread of medulla, in 

some instances, separate firomi the central column, 
and entering the branch, is gradually augmented 
to a diame^r proportionate to tha^;^ of the 
brandh *. Such a circumstance led M. Ailbert Du 
•Petit-Thouarsf to describe the medulla at the base 
of every' bud, as an inverted cone, the apex of 
which originates from the pith of the branch on 
which the bud appears ; but in general this is not 
the case, the pith commencing in the bud itself, 
which originates at the surface of the stem; 
and hence no direct union exists between the 
pith of the branch and that of the stem 
(see marginal figure). In* the annual 
shoot, the wood shuts up the canal of the 
pith at its extremity, as soon as it ceases 
to grow for the season, as is seen in the 
longitudinal section of our shoot of Horse Ches- 
nut, immediately under the terminal bud;}:; and 
thus isolates it from the shoot of the next year. In 
many plants this forms a kind of woody partition, 
which marks the limit of the growth of each year 
in the length of the* stem ; but in others it is ab- 
sorbed, the continuity of the pith being, appa- 

^ Vide Pl^tc fig. 6. repVesenting a cutting of the common 
Elder; in which d. the pith of the brihch 5. is united by a 
small thread to e, the pith of the main^stem a. 
t Histoire (fun Morceau de Bois, p. 153. 

:j: Vide Plate 5, fig. 15. 
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re^y, uninterrupted from^jiie root to the rmx of 
# 0 ^: Stems. Those pardi^ns are almost always 
piitent when the pith is composed of distinct 
plates, in the Walnut, or of a, shewing 

menibi^e, as in Woodbine. ; 

The colour of the pith, in tl^' succulent shoot* 
or in the young plant, is green, which, as’ the cells 
empty, changes to white; but to this there are 
some exceptions. Thus it is yellow in the Bar- 
berry, Berberis vulgaris ; pale brown in the Wal- ^ 
nut, Juglans regia ; fawn-coloured in the Sumach, 
Rhus Coriaria ,• and pale orange in yellow-flow- 
;^ed Horse Chesnut, iEsculus flavai but it is 
more frequently, coloured in the caudex of the root 
than in the stem. 

Placing a thin slice of pith, taken either from 
a» vertical or a horizontal section of our shoot of 


Horse Chesnut, or of any other plant, under the 
microscope, it appears to consist ,of hexagonal 
^ells *, which are leirger and more regular in the 
centre than near the circumference •!*. In veiy 
young stems and succulent shoots, these cells are 
^ipied with an aqueous fluid, and closely reisemble 
the cellular integument X ; but, in older st^s and 
twigs, they are found empty, or, mojqp a9hurately 


■* The cellular structure of the pith was first pointed out by 
Grew in his work on the Anatomy of Plants, fol. 1682. ^ 
t Vide Plate 6, fig. % k* 

^ Vide Plate ,6, fig. 2, c. 
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8pe|king, filled The cells retain the het- 

agonal form in their e]^|ity state ; but in tome, as 
•the Walnut, this is destroyed in the latoeito, 'into 
which the pith then separates; and thimine oc- 
curs, in the interior of the medullary 'raeath of 
Woodbine, and similar hollow stems. In the 
greater number of plants no vessels are perce^ 
tible in the pith ; but in some, entire vessels con- 
veying proper juice are present, as in the Gum- 
elastic Fig tree, the proper juice of which is seen 
exuding'from different points of the pith in a hori- 
zontal section of the stem: and, in all plants, the 
cells communicate with each other by means of or- 
ganized pores, which are visible under the mi-:; 
croscope. M. Aubert Du Petit-Thouars has lately 
affected to regard the medulla as deserving that 
name only after the cells become empty, naming it 
parenchyma in the early or succulent stage of its 
existence*: but this is at best a useless refinement; 
for, although I am not prepared to admit, with l^r. 
Keith -J*, that there is an essential difference bc- 
tw<^n the membrane composing the cells of the 
parenchyma or pulp, and that formmg those of ^ 
pith^' yet the insulated and enclosed situation bf 
the pith is^ sufficient to obtain for it the dignity of 

* €e n^est que par I’extractjon des sues qu elle (la Mo- 
contieht qu^elle est devenue Essais sur la 

Vegetation^ p. 205. 

f System of phys^ iBot, vol. i. p. 324. # > 
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fi dis^rirt organ in^ i^ry stage of it^ ex- 
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To eater at present iipon the explanation of 
the for^tion of the pith, 'would li^antici^ting 
bur inquiries into the general theory of vege^tibn, 
a part of our subject for the discussion of which 
we are not yet fully prepared. Regarding^ 
ever, the mere mechanical causes which pixssibly 
operate in producing the hexagonal form of the 
cells, 1 may remark that, if the gelatinous pulp, 
which constitutes the earliest state of the pith, as- 
sumes the form of globules as the first effect which 
the operation of the vital organizing influence pro- 
, duces on it ; it is easy to conceive that, from the 
individual inflation of these occasioning them to 
press in every direction upon one another, within a 
certmn limit, each globule will necessarily acquire 
an hexagonal form. In this state the flat surfaces 
of the enclosing membrane of each globule which 
are in immediate contact, uniting and* acquiring 
firmness, while the contained fluid is dissipated 
a^d air admitted, the cavity it occupied will, re- 
li^in as an hexagonal cell ; and of snch^is the dty 
pith .constituted. To produce this fi^ect, .; how- 
ever, the following circumstances are« itecsesary : 
1. The membrane which divides each. btflT from 
those adjoining it, must be double, w^ch' Lipk * 


* Secunda Dissfr^t* in Romer’s Coflect, BoU i^scic. i. p. 16 .S. 
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and Kieser * have 

2. This membrane 
have described it, when under the miiqroscope, 
to permit the aiqueous fluid to pass readily^th rough 
it, ahd to admit .the air into the celfe to Stilly its • 
place'.' But it is necessary to remark. here, that 
this fact, although supported by the observations 
of Sjirengfel, Mirbel, and others, is positively de- 
nied both by Link and Kieser ; but, as it Was re-’ 
quisite for those who denied the porosity of the 
merhbrane to state how fluids Cjan be transmitted 
from one cell to another, Link has advanced the 
unphilosophical suggestion, that this is effected by 

a double filtration through invisible pores: and 
the ingenious Mr. Ellis, who'gives credit to Kieser’s 
observations, is forced to admit that this filtration 
can be accomplished, “ consistently with the in- 
“ tegrity of the cellular texture, only by the ex-- 
“ ercise of the alternate functions of secretion and 
“ absorption 3. The mass must be free from 
any external pressure, which would, eventually, 
destroy the regular form of the cell. 

It is not easy to conjecture by what means^.. 

■ ;t V- 

* MSm* SUIT V Organization des Plantes^ 91. 
f re|;.ard as an analogical proof a fact lately 

^ ascertained by Dr. Barclay, that each side of every cell in the 
honeycomb is double, or composed of two plates of wax. Vide^* 
fFer?d$ian Trans, vol. ii. * 

J Supplement lo the Encpclop. Brit, vol. i. Part 2. 
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air is introduced into hollow stems; but, 

l^dbably, in those in wMch the pith is sheathing, 
as in the Woodbine, the ulhion between the utricles 
may be less intimate in the centre, and the air 

♦ insinuating itself between them, while the cells 

are emptying themselves, compresses their sides 
together and separates them ; and extending itself 
in the length of the stem, forms it intd a Soilow 
‘tube. In others, as the Walnut, it may be intror 
duce'd laterally, in separate quantities, at dif- 
ferent points at the same time, and these dilating, 
compress the horizontal portions of the emptying 
cells between them, so as to produce the medul- 
lary plates, which characterize that and similar 
stems. \ 

^ Phytologists have not differed more on any 

• subject than in assigning the functions of the pith. 
When we reflect that Cmsalpinus, who lived in 
the sixteenth century, taught that the pith is less 
essential to the life and growth of a tree than 
the bark *, it is astonishing that writer^ of so re- 
cent a period as Dr*. Darwin and Sir J. E. Smith, 

; should be found mainlaining the accuracy of the 

‘ ancient opinion, that the pith is t% the vegetable 
what the brain and spinal marrow are, to the 
animal body-f-. Darwin’s imagination- led hifti 

*.DePlantis. Flor. 1583. 

f Sucfi was also the opinion of Linnsus, Antce0 Acad 
vol. iv. p. 372. 
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even so far as to that it furnishes “ the 

“ power of motion, as well as of sensation to the 
“ various parts of the vegetable system Hales 
and LinnEeus also regarded it as the seat of Uie 
vital energy of the plant -I* * * § ; and ftlr. Lin^ay, of 
Jamalct^ “ thought he demonstrated the meduUa 
“ in the leaf-stalk of the Mimosa or Sen- 

“ sitive Plant, to be the seat of irritability nor 
“ can I,” says Sir J. E. Smith, “ sec any thing 
“ to invalidate the opinion It would, never- 
theless, be ho difficult task to prove the unte- 
nable nature of these doctrines, were they not com- 
pletely destroyed by the experiment of Mr. Knight, 
who iibstracted more than an inoh of the pith from 
the shoot of a vine, above and below a leaf and 
bud ; both of which, “ with the lateral shoot an- 
“ nexed, continlicd to live, and did not appear to 
“ suffer much inconvenience ; but faded a little 
“ when the sun shone strongly upon them Now 
the life of the shoot, even admitting with Darwin, 
for the sake of argument, that each bud has a sen- 


* Phi/tologia, xviii. 2, 13. 

f Lint^us, like Darwin, compared it to the spinal marrow. 

J Introd. tophus, and sysU Bat. chap. vii. 

§ PhU. Trans. 1801 , p. 338. 

Mr? Kieith gives a quotation from llicophrastus to show 
|f< “ that th’is experiment had been performed, and the result as- 
“ cert^ed,” even in the time of that naturalist, liyslem oj 
phys. Bid. vol. ii. p. 211. 
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somm of its ownt(|, comW tidt be supported un- 
der. such a circumstance/ any analogy exist 
1$dtWeen the medulla of plants ‘and the spinal 
marrow of animals. Orew and Malpighi believed 
that the functions of the pith are the same as those 
of the cellular integument, which they Regarded 
as the organ for elaborating the sap into nourish- 
ment for the support of the plant, and to give 
origin to future buds; an opinion which Mr. 
Keith regards as the best founded of any yet ad- 
vanced, with the exception of thal part of it 
which relates to the origin of buds. Du Hamel, on 
the contrary, considered the pith in commod with 
the general cellular texture, as merely intended to 
hold ’together .the various parts of the plant ; and 
lastly, Mr. Knight has supposed that “ it forms a 
“ reservoir to supply the leaf with hioisture, when- 
“ ever an excess of perspiration puts that in a 
" state to require it J.” There is certainly niuch 
plausibility in Mr. Knight’s suggestion ; and it is 
not, in my opinion, destroyed, as has been sup- 

|j “ The pith,’’ says Darwin, “ communicates to the leaves 
on each side of it, but not to the'new buds in tln^bosoms of 
“those leaves; because those new buds are' each an indi- 
“ vidual being, generated by the caudex of the leaf, and must, 
“ therefore, possess a sensorium of its own.’’ Phytotogia, 
xviii. 2, 13. 

PhU. Trans. 1803, p. 349. A similar opinion is advanced 
by Plenck, in his Pliy&iologia Plantarum. 
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posed, by the r^^fc^of Sir J. E. Smith, that 
“ all the moisture in the medulla of a whole 
“ branch is, in some cases, too little to supply 
“one hour’s perspiration of .a single leaf ♦i” for 
Mr. Knight eould never mean to*, assert that the 
fluid in the medulla is intended to supply tRe 
^ntire loss of moisture fiTim perspiration in the 
leaf, although it might make up the excess. But 
a more tenable objection to this hypothesis may 
be deduced from the fact, that thd succulent twig 
perspires nearly as much as the leaves themselves ; 
droops also, like them, from ^an excess of perspira- 
tion in sultry weather; and is again, in tfie same- 
manner, revived by the check given to that excess 
in the night, or by a fresh supply of moisture to 
the roots. What then, it may be asked, is the use 
of the pith ? 

In answering the above question, I may re- 
mark, that as it is more easy to discover the de- 
fects of hn hypothesis, than to suggest one ; and 
as none is so unlikely to discover the errors of a 
new opinion, as its proposer, it is very probable 
that that which I am about to haza;*d on this sub- 
ject may be found as defective as any of those 
we have criticised. 

^ Jntrod, to phys: and syst. Bot. p, 4*1. Mr. Keith cok* 
curs in the objections of Sir J. E. Smith, regarding them as 
fatal fto Mr. Knight’s hypothesis.*' .Syif. of phijs, Bot* voL 
ii. p. 21. 
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If we examine a tree in the first stage of its 
grnsi^, or a fresh shoots we shall be satisfied 
/ thetifl^e alburnum and, form so very small 
; a poij^on of their diameter, that, were there not 
sonie means of .extending the. surface of these 
there would be neither sufficient space for 
the formation and arrangement of the vessels 
essential to their future eidstence ; nor a suf- 
ficient support to maintain the plant in its erect 
position, or thcf shoot in its projection. To supply 
these purposes the pith is given to young plants 
and shoots ; for, iti? cells being filled with an 
•aqueous incompressible fluid, both extension and 
suppoyrt are thus afforded by it, as long us these 
are required, or until the first ligneous zone is fit 
to allow the* next zone of alburnum to be formed 
on it, and consistent enough to afford sufficient 
stability to the plant. When this takes place, the 
moisture passes froifi one cell to another until it is 
altogether carried off, leaving the pith ih the dry 
spongy state in which it is found in the older stems 
and branches. The comparative diameter of these 
steins and branches depends equally on the evo- 
the pith ; for, in moist seasons, when ^ese 
ptsfa out thicker and more vigorous than usual, 
we find thdr mass consist chiefly of pith ; and the 
Ugneons circle, although much Widened, yet, not 
containing a proportionate increase of substance. 
In such shoots also we have another proof that 
it is the turgidity of the medullary cells with 
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aqueous fluid, whif^ gives them firmness, and 
enables them to rise to the great height to winch 
they often attain in so short a period, without 
any curvature; for, on examining thci pith, the 
cells, are found not more numerous, but merely 
larger than in an ordinary shoot. As spon, how- 
ever, as the first circle of wood is formed, no sub- 
sequent increase of diameter can be attributed to 
the pith. If these remarks be correct, the follow- 
ing must be regarded as the functions of the 
pith ; 1st, to afford the surface necessaiy for the 
formation of the first layer of wood ; and 2d, to 
give a degree of firmness to the succulent stem 
and recent shoot, which they would not other- 
wise possess, before the bark and alburnum afc- 
quire sufficient consistence for that purpose. 

But is the pith of use only in the succulent 
shpot ? If my idea of its functions be correct, its 
utility to the plant must cease as soon as the first 
circle of wood is perfected ; and it is indeed not 
easy to conceive in what manner it can be useful 
after it has become dry. Mr. Keith remarks, “ it 
“ is essential to vegetation in all its stages*^;” but 
evef admitting that it is, as he and MalpigM be- 
lief an organ of elaboration, we must suppose 
that^all vegetation ceases in every annual shoot at 
the termination of the season in which it is 

*_ SysLqf phys. Hot. vol, ii. p. 213. 
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evolved, before we can accord with his position ; for 
it is during that period on! jr that the pith is es- 
sen^l in trees and shrubs. But although its 
funie^ons cease, yet the pith still remains a part of 
th^ trunk of the oldest trees, as long as thesji re- 
mmn sound. Some authors^ among whom we find 
Willdenow *, Mr. Keith ■f’, and Sir J. E. Smith:};, 
assert that it disappears altogether, obliteratid 
“ by the increasing solidity of the wood.” Danyin^ 
supposes that it is either absorbed or imbued with 
ligneous matter, so as not to be distinguishable ■ 
from wood; an opinion which Mr. Knight com- 
bats, affirming that its place “ is never filled with 
“ wood II while others contend that it never va- 
ries, being the same in the old trunk as in the 
young branch. Let 'lis examine in what these 
opinions are correct. 

In stems, the wood of which is of a close 
texture, and the divergent layers very thin, no 
obliteration of the pith can take place, ntor even 
any compression of it occur, after the case of 
wood which encloses it is perfected ; and, on 
close examination, it can readily be detected in 
the -‘oldest sound stems of this description ; but, 

, ' * ' ' 'V 

* Principles o/" Pot, trans. p. 251. 
f Syst,of phys, Bot. vol. ii. p. 213. 

% Introd. to phys. and syst. BoU p. 39. 
f Phytologia^ xviii. 2, ISt # 

(I PhiL Trans, 1603. 
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as in almost every oM st^, it has acquired tlie 
colour of the wood, and is comparatively so small 
a point in the diameter of a large trunk, it is 
easily overlooked. In a transverse slice from the 
centre of a very old Oak, now before me, the 
medulla is distinctly seen of. the same size and 
figure usually fodnd in the young stem, although 
its colour is nearly as dark as that of the surround- 
ing wood, and the cells are altogether obstructed ; 
and in the stem of a Nectarine, twenty years old, 
also now before me, the same state of the pith is 
observable. In both, th6 cells appear obliterated, 
even when examined by a good lens ; but when 
a very thin slice is placed under the microscope, 
in a drop of pure water, the hexagonal character 
of the cells is perfectly distinguishable if the 
section be transverse ; while,, if longitudinal, not 
only the difference of form between the real pith 
cells and those of the medullary sheath is per- 
ceptible, but thcispiral vessels are seen, filled 
with a dark-coloured resinous 'matter. In such 
stems, therefore, the pith is neither coippressed, 
obliterated, nor converted into wood. But when 
the ligneous matter is of a loose texture, or, in- 
stead of forming a continuous circle, it is in 
se|Jarate columns, as in broad-leaved Birth-wort, 
Aristolochia Sipha, and the divergent rays are very 
large, the pith, although it is never completely 
obliterated, yet, is considerably compressed and 

2 . ■ ' . 
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s^lered in form, in steins ^en of a few years’ 
The future state of the pith, therefore, 
varies; and is altogether regulated by the cha- 
racter of the wood which encloses it. 

. Such is the general anatomy, or, more strictly 
speaking, pbytotoroy of ligneous dicotyledonous 
stems. Almost every species of tree and shrub, 
however, has something peculiar to itself, but 
these are more connected with the arrangement, 
than udth the structure of the parts. 
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f 

OBIOm AND ATTACiftlENT OF BRANCHES; STRlTp- 
TVRB OF LIGNEOUS HOOTS; AND OF HERBACE- 
OUS D/COTVLEDONOUS STEMS. 

Whether we regard branches merely as divi- 
sions and subdivisions of the stem, or more cor- 
rectly, at least as far as regards, their origin, as 
distinct individuals, its lateral progeny, we find 
their structure to accord in every particular with 
that of the stem. The ddicription of the struc- 
ture of the trunk is consequently applicable to the 
branches ; and we have now, therefore, only" to 
investigate the nature. of the connexion between 
• these parts tracing the branch from its earliest 
state, or long before it is visible to the eye, till 
it is fully extended, and has itself become the 
parent of future branches. 

Every branch is forifled in a bud or gem ; and 
every bud, except perhaps the terminal onef^ and 
such as appear on roots, and constitute suckers, 
originates in the axilla of a leaf*; to trace, there- 
fore, the origin of the branch, is in fact to trace 

* Sojne buds, as, for example, those of the Plane attd the 
Sumach, are generated in the centre of the base of the foot- 
stalk of the old leaf ; but this is a mere modification of the 
axillary bud. 
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thaitj^ the axillary bud ; and Ibis may be done 
mbstf^^dily in the. succulent shoot of any tree or 
shrub in eai-ly spring-, as, for example, of the 
common Lilac, which is at this time (March 26th) 
just expanding its leaves. • 

* In the shoot now under consideration, one 
inch only in length, and on which none of the 
real leaves, except the three first pairs, are yet 
expanded, we cannot perceive, on pulling ‘off 
‘those nearest the base, that is, the intermediate 
between the scales of the bud from within 
which the shoot has protruded and the real 
leaves -f-, apy appearance of a bud in their axillee, 
even when the sight •is aided by a good lens : 
neither is any seen at the attachments of the 
seebnd pair. At the third, however, we observe 
by the ajd of the lens, immediately above the la- 
ceration produced by tearing off the leaf, a mi- . 
nute elevation, resembling a semitransparent 
vesicle depressed in the centre ; which, under the 
microscope, appears to be a lobular body, with 
a small green speck in the central depression (see 
PlaW^t fiff* ®) +• This is the rudiment of the 

f The distinguishing characteristics of real leaves, and of 
those which, appear first on a new shoot, shall be pointed cut 
when we examine the external structure of buds. 

J In this figure, which represents a thin tangental slice of 
the shoot very highly magnified, a. displays the appearance of 
the embryon germ within the bud ; and b, the lacerated base of 
the footstalk of th^ removed leaf : c. is the natural size of the 
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bud and germ *, and consequently of the future 
branch. To examine the structure minutely, let 
us place a longitudinal and a transverse slice of 
the shoot under the microscope. 

In the portion of the longitudinal slice of 
whicli a highly magnified drawing is now before 
us (see Plate 7, fig. 2), we perceive the section a. 
of one of the lobes, situated at th<^ point where 
the footstalk of the leaf h. separates from the stem 
c. The small speck at the base of the lobe ap- 
pears now an obtuse, pyramidal, insulated body ; 
while nearly all the cellular matter above e.^ which 
is apparently the line of separation between the 
system, if I may be allowed the expression, of the 
bud and that of the leaf, seems directed towards 
it. The bundle of spiral vessels, </., passes up- 
wtirds to supply the leaf; but neither the lobe 
nor the speck has any vessels. Unless we suppose 
that some from the libery*. above it, are given off 
for its supply ; a circumstance which, however, 
is conjectural only, as none is perceptible. The 
whole of the cellular substance, connecting the 

slice. The whole of the cuticle in this young state of the 
branch is studded with small pedicillated glands, which exude 
a viscid tenacious fluid. 

* It is necessary, before proceeding, to explain the meaning 
of these terms. Tlie hud or gem is the pyramidal body, as it 
appears on the surface of the stem or branch covered with its 
scales; the germ is the rudiment of the young branch, and 
leaves contained within these scales. 

Ct 
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lobes with the pith g. is more opaque than in any 
other part, from its cells being filled with small 
amylaceous granules ; but whether these are de- 
posited by the vessels which convey the proper 
juice from the leaf above them, it is impossible to 
decide.. The chief fact established by this view’ of 
the parts, is the connexion between the cellular 
matter of the lobes of the gem, and that of the pith, 
the medullary sheath, the bark, and the liber, in 
the succulent slioot ; while, nevertheless, the germ 
itself appears a distinct body. In the transverse 
section (Plate 7, fig. 3) this connexion betwixt the 
lobes a. and the pith e. is still more apparent ; for 
neither the spiral vessels d. which appear like 
a circle of dark spots surrounding the pitli in 
every other place ; nor the alburnous matter c. 
which accompanies them, interfere to prevent tins 
union. In this section, also, the distinct nature 
of the germ, notwithstanding its connexion W’ith 
the surrounding parts, is rendered very evident. 
As the bud advances in growth, it gradually as- 
sumes somewhat of a pyramidal form; and the 
organization of the germ within it, that is, of the 
new branch and leaves, commences. Towards the 
end of summer, the lobes begin to appear as op- 
posite scales, from amidst which the apex of the 
germ, covered by other scales, is observed pro- 
truding; whilst in a longitudinal section placed 
under the microscope, the rudiments of the new 
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branch can be traced; for it is now obscurely 
marked by the deposition of alburnous matter* 
which being paler and more transparent than the 
rest of the bud, is seen separating the cellular 
substance to constitute the future pith (see Plate 
7, fig. 6, a.), from (b.) that whicli is to form the 
bark. But no spiral vessels are yet jH'roeptible ; 
the alburnous circle is mere semitransparent mat- 
ter ; and the pith is distinguishable from the cel- 
lular substance in which the germ is formed only 
by the paler alburnous matter surrounding it *. 
The progress of the organization advances a little 
in autumn; but is not perceptible during winter, 
and it is not until the following spring that the 
embryon branch is very conspicuous. At this 
period, in the Lilac, the plant before ns, it is seen 
rising as it were from the medullary sheath, in 
which the spiral vessels seem to originate ; and 


* In this figure (Plate 7, fig. 6) the germ d. is seen separat* 
ing the exterior scales c. which were originally the Jobes. It 
appears to consist of the rudiments of four leaves, which are 
not, however, the true leaves ; but those intermediate between 
the lobular scales and them, the true leaves being yet latent. 
The pith of the new branch originates from a, : the pale space 
between this and b., the bark of the embryon branch, is alburnous 
matter : e. is the eschar, formed by the fall of the leaf in au- 
tumn, with the spiral vessels wdiich supplied the leaf, now ob- 
structed ; the rudiment of a spiral vessel belonging to the 
scale c. ; g. the bark of the portion of the shoot above the 
bud ; k* the alburnum ; i, the medullary sheath ; k, the medulla. 
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whence, passing uj), they distribute bundles to 
each of the leaves, which appear now completely 
organized, although extremely small and com- 
pressed within the scales of the bud. As the sea- 
son advances, the bud lengthens ; and at the mo- 
ment of its opening, the young lirancli is seen 
stretching forwards clothed witli its leaves, which 
gradually unfolding themselves, display in their 
axillae the rudiments of future buds, destined to 
run the course which has just been described; 
and become in their turn the parents of another 
series. 

If the young branch be now dissected, it is 
found to possess exactly the same structure as the. 
stem in the early stage of its growth; that is, to 
consist of a central pith turgid with fluid, .sur- 
rounded by the *medullary sheath, around which 
the spiral vessels appear in distinct longitudinal 
bundles ; and beyond them a layer of semior- 
ganized alburnum, bounded by the liber : the 
vascular fasces of the bark are embedded in the 
cellular integument, and the whole enclosed by 
the epidermis, whicli at this period is generally 
covered with excretory glands or some kind of 
pubescence. But after the leaves have expanded 
and performed their functions for some time, if 
the branch be again examined, by carrying a lon- 
gitudinal section into the stem, we perceive its 
alburnum, now fully organized and continuous 
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with the new layer in the stem, deposited over 
that of the former year, which has already be- 
come wood : and, as the branch increases an- 
nually by new layers, in the same manner as tlie 
stem, a similar section made at any subsequent 
pei’iod displays its connexion with the stem, {orm- 
ing a cone, the apex of which tonehes the me- 
dullary sheath of the stem and tlie base its sur- 
face whence the branch projects. 'Fliis conical 
appearance rimdered more 
cvidf'iit by the inai-ginal cut; 
in wlii(;h a* represents a stem 
fiv'c years old ; and (k a branch 
three years old projecting from 
it. At the points of union 
(c. e.) a kind of raphe is formed 
above and below the branch 
owing to the descending albur- 
nous matter of the branch 
meeting that of the stem. 

Such are the appearances which mark the 
origin of the branch and its connexion with the 
trunk in the Jjilae ; and the same, with some 
modifications, are, jieroeptihle in all ligneous dico-^ 
tyledons. The principal of these modifications is 
seen in those ligneous stems, tlie pilh ol which is 
interrupted at the points where tlie buds are 
formed, as for exanijile in that of t he Vine. In it 
a jirocess from the medullary shcaUi.extending di - 

c r 3 
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rectly across the ligneous cylinder of the stem, 
forms an apparently solid diaphragm ; and swell- 

f ing externally affords a base a. (see 
marginal cut) on which the bud, 
and consequently the new branch, 
are seated. This appearance was er- 
roneously supposed by Grew * to 
be occasioned by the shooting of 
the branch across the pith; but, it 
is obviously a process of the medullary sheath; 
for, when placed under the microscope, it dis- 
plays the same structure ; and the cells of which 
it is composed are crowded with small granules, 
as is generally the case in those of the medullary 
sheath. The colour, which is green like the me- 
dullary sheath, distinguishes it from the pith, 
which is of a fawn colour in the vine. It is not 
always, however, thrown completely across the 
pith; for, when neither a bud nor a tendril rises 
from the opposite side of the stem, it never 
stretches entirely across, but leaves 
iJH I a free communication between the 
I pith above and below it, at least 
*^1®/ third of the circumference of 

D| the ligneous cylinder. The plans in 

mJ the margin illustrate, more clearly, 

this fact : thus, where the tendril is 


* Anatomy oj Plants ^ 1. 19. 
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given off, as at a. the diaphragm 
is complete; but at b. (p, 390), 
where there is a bud only, it is in- 
complete; and this is farther dis- 
played at c. in a transverse section of the shoot. 

We are now prepared to consider the phy- 
siology of the parts that have been just demon- 
strated. We have seen that the rudiment of the 
bud is perceptible, in the axilla of the leaf, on 
the young branch at the moment of its protrusion 
from the bud in early spring; and that at this 
period, at least, it is an isolated body, distinct, 
as Gscrtner has corre-ctly asserted, from the pro- 
per and permanent members of the plant *. The 
question thence occurs, — When and how are buds 
formed ? Du Hamel supposed that they originate 
in what he terms preorganized germs, which are 
deposited by the proper juice in its descent from 
the leaves, and pervade every pari: of the plant ■f- : 
but, although it is impossible to demonstrate the 
fallacy of this opinion ; yet, if it can be shown 
that buds, on whatever part of a stem or branch 
they are found, or at whatever period of the 
growth of these members they appear, can be 
traced to their origin in the first year’s growth of 



^ l)e Fructibus. Jntrod. 
t Fhyi, de$ Arbrcs^ torn. i. 

c c 4 
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the part on which they appear, it will be at least 
rendered improbable. To efleet this, we have 
only to saw out a portion of any trunk or branch 
on which a young bud appears ; and carrying our 
incision down to the pith, and by carefully slicing 
the portion horizontally, or in a right angle to the 
surface of the stem, till we divide the bud to its 
centre, we shall find a white line extending froim 
it, through every concentric layer of the wood, 
till it touches the medullary sheath. Thus, in the 
wedge, represefited in Plate 7, fig. 5, cut from 
the trunk of a Lilac twenty years old, we can 
trace the buds a. b. to their very point, which ter- 
minates at the pith of the plant ; and the same is 
the case with the three buds a. h. c. of fig. 6, 
in the same plate: for, although a. appears to 
spring from the surface of the third circle of the 
stem when examined with the naked eye, yet, un- 
der the microscope (see fig. 7), it is seen to stretch 
to the medullary sheath, in conjunction with its 
fellows. It is argued, however, that if an Oak, 
or any old tree, be cut down in winter, leaving 
the root in the ground and a foot or two of the 
trunk, we shall find on the margin of the stump 
multitudes of buds protruding in the following 
spring. I admit the fact ; but deny the con- 
clusion inferred from it, that these buds originate 
on the surface where they appear ; for, if they do 
not all push opt on the same plane, which is 
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the fact, I liave no doubt that each could be 
traced to the centre of the trunk ; as I have found 
to be the case in the Willow and some other soft- 
wooded trees, which after being cut down, have 
displayed the same appearances as the Oak ; and 
although I have had no opportunity of t-xamining 
the Oak, yet, there is no reason for supposing it 
an exception. If buds, therefore, be pre-organ- 
ized gei’ms, they can be deposited only in the first 
yenr’s growth of the stem or branch, the admission 
of whi(;h would defeat the object of Du Hamel’s 
hypothesis. 

These facts, also, render less tenable the 
doctrine of Mr. Knight, that buds proceed from 
the alburnous vessels, which he supposes have 
the power to generate central vessels*: for, if 
this were the case, buds could be traced no 
deeper than the alburnum of the season in which 
they appear. Neither is the opinion strengthened 
by the fact, that if buds be destroyed in early 
spring, others appear ; for, in this case, either the 
buds are such as have not been cut or rubbed oft' 
at a depth sufficient to extinguish their vitality, 
and prevent them from shooting forth again la- 
terally, or by destroying tlie already protruded 
buds, those that remain latent, two or more germs 
being often present in the same vital stream, if I 


* Phil, Tran&actiont. 
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may be allowed the expression (see Plate 7, fig. 
7, a. b. c .) ; receive a new impulse, sufficient to 
call into action their dormant powers, and enable 
them to protrude and evolve their leaves, in the 
same season ; wliich, had the other buds been 
left, might not have happened for many years 
to come. 

This fact is practically known to nurserymen 
and gardeners, who, without any theory, but 
guided by their experience, act upon it in order 
to obtain a clean ('herry tree stem. No tree 
is so apt to throw out adventitious buds as the 
Cherry tree; but as this would deform and injure 
the plant, the nurserymen cut them off close to 
the bark. A second crop of shoots, very soon af- 
terwards, makes its appearance, which is also 
taken away by the knife, after which no otlier 
appears; and, if the stem be now cut through 
under the existing branches, it ceases to grow. 
I am of opinion that the same circumstance would 
take place in forest trees, were all the lateral 
buds of the leading shoot annually rubbed off, 
so as to bring forward every latent germ ; and, 
by destroying the successive crops of buds as 
they are evolved, a clean stem perfectly free from 
knots might always be insured. That the buds, 
when they first protrude, receive theii* nourish- 
ment from the descending proper juice, is ex- 
tremely probable ; but this would also be the case 
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ilid they arise from the pre-organized germs of 
Du Hamel. If this reasoning be correct, the first 
division of our question is already answered ; and 
we may conclude that all stem buds originate 
when the young stem is evolved from the seed, and 
all branch buds at the time that the young branch 
is formed in the axilla of the leaf. They are not, 
however, all protruded during the succulent state 
of the stem and branch, but many remain latent, 
performing so much of their functions only as is 
requisite to organize to their proper structure a 
certain portion of each successive annual layer of 
wood, and carry them forward in the ernbryon 
state; until circumstances occur favourable to the 
completion of their organization and protrusion on 
the surface of the stem ; or until some accident 
destroys them*. 

If buds be not pre-organized germs, nor 
formed from the descending proper juice; how 
then do they originate ? I reply, in vital points 
(pumia vitalia) generated, in the first peridd of 
the growth of the stem and the branch, in the 
axill.'E of the leaves : or that they are^ to use the 
language of Darwin, distinct Individuals, the 
lateral or viviparous progeny of the parent upon 


’“‘In Plate 7, fig. 8, a, represents a bud which has been 
dchtroyed in the fourth year of the growth of the stem; and 
over which the subsequent layers of wood have formed. 
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whose surface they appear*. The individuality of 
buds must have been suspected as early as the 
discovery of the art of budding -f-; and it is fully 
proved by the dissection of plants, as we have 
seen in the demonstrations before us. The vital 
energy, however, which commences the process 
of organization in the bud, is not necessarily con- 
fined to the germ, nor distinct from that which 
maintains the growth of the entire plant ; but it is 
so connected with organization, that when this 
has proceeded a certain length, the bud may be. 
removed from the parent and attached to anotlier, 
where it will become a branch the same as if it 
had not been removed ; or, with proper care, it 
may be made to grow in the earth, and become 
an entire plant, with all the properties and pliy- 
siognoinical characters of the parent. 


* Malpighi taught that the gems are formed in the pith, 
which he regarded' as a viscus intended for this purpose and the 
elaboration of the sap. Tliummig, a German author who wrote 
Jh the 18 th century, imagined that the medulla contains the 
rudime^its of the gems : Darwin suspected that the embryons 
of the buds afe secreted from the ‘‘ vegetable blood ” at. the 
footstalk of each leaf; while Mr. Knight supposed that they 
are generated by the alburnous vessels from the descending 
proper juice. 

f Budding is that operation in gardening, by which a bud 
taken from one tree is transferred to another, with which it 
unites and becomes a branch. It is founded on the fact, that 
the bud, which is a branch in embryo, is a distinct individual. 
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The ingenious Bradley supposed that a bud 
takes root in the body of a tree in the same 
manner as a seed takes root in the earth * ; an 
idea which evidently suggested Darwin’s theory of 
the individuality of buds, and the augmentation of 
the diameter of the trank and branches by the 
extension of their radicles, as has been already 
noticed ; and which has since been illustrated, and 
given to the worid as his own, by a celebrated 
French plndologist, M. AubertDu Petit-Thouars-I*, 
But, although a hud will send out roots and grow 
if planted in the ground, the analogy does not 
apply to the bud attached to the original parent, 
nor even to that which is budded. 

Before organization commences in the germ, 
it is, as we have seen, an insulated speck, covered 
l)y the epidermis only, and connected with the 
otluM' parts of the stem or branch, in which it is 
seated, merely by cellular matter. The effect of 
the organic power on it is the addition of new 
matter, and the consequent evolution of its parts; 
till gradually extending in the direction of its 
axis, it unites with and becomes a permanent part 
• 

Discourses on the Growth of Plmiis, 1727, p. 56. 
f This is rendered evident by comparing the theory de- 
livered in Iiis work, entitled Essais sur la Vegetation consideree 
dans le Dex^ehpjfcment dcs Bourgeons; which was published in 
1809, with that in the Phytologia of Darwin, which appearedi 
in 1800. 
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of the plant. The quantity of amylaceous gra- 
nules contained in the cells surrounding the germ, 
renders it probable that it receives its first nou- 
rishment from this source; and it is not le.ss pro- 
bable that tlie lobes which surround it, perform 
for it a similar function to that of the cotyledons, 
or seed-lobes, as connected with the embryon en- 
closed within them, or that of the leaves in re- 
ference to the stem and branch ; which we shall 
afterwards prove to be analogous to that of the 
lungs in animals. But it is, also, probable that 
the leaf above the bud supplies part of the pabu- 
lum which is elaborated into the new branch ; for, 
until its own leaves are e-^panded in spring, and 
capable of producing that change on the sap which 
converts it into proper, juice, no alburnous mat- 
ter can be formed by them. The descending juice, 
however, from the leaf above the germ, is not 
conveyed to it by any vascular communication, but 
deposited in the cellular mass or placenta, if it may 
be so termed, on which it is seated ; and by wdiich 
alone it is connected with the medullary sheath of 
the pprent shoot. In the germ or vital speck, thus 
situated and supplied with nutriment, the organiza- 
tion of the branch commences as from a*centre. It 
is not probable that we shall, ever, be able to trace 
every minute change, which occurs from this period 
until the first rudiment of the new branch is per- 
spicuous, even by tjie aid of the best microscopes ; 
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but tlie first part tliat can be distinctly recognised 
is the pith, which, in a longitudinal section of the 
green twig of the Lilac, made three; weeks after its 
protrusion from the bud, and the appearance of 
the gern on its surfVicc, resembles a more opaque 
spot of a greenish hue ; with lines running in a 
direction from the centre of the parent branch to- 
wards the apex of the gern. These are tlie first 
traces of the spiral ve.ssels of the future branch 
(see Plate 7, fig. 9, n.). The cellular matter, in 
the part of the bud above the vital speck, which 
now appears as at r. displays also at this period a 
more I’egular form, and indications of its separa- 
tion into scales are already irerceptible at h.; but 
the whole bud is still a completely insulated body. 
As the organization proceeds, new scales are seen 
separating from the mass of parenchyma, the 
medulla enlarges in every direction, and in au- 
tumn the whole [iresents a pyramidal appear- 
ance : in whicR state the bud remains nearly sta- 
tionary until the ensuing spring. 

As the cessation of the vegetative power in 
winter inci’cases in a great degi'ee the excitability 
of plants which outlive its sevciity, the genial in- 
fluence of spring is very early visible on their 
buds, in which the whole vital energy of trees and 
shrubs may be supposed at this period to reside; 
and it is only by the visible change which rapidly 
occurs in them, that we can pronounce upon the 



400 CONSEBVATIVB ORGANS. [WECT. VIII. 

life of the entire plant. If a longitudinal section 
of a twig be examined at this time, although the 
pith be, genei’ally speaking, a diy spongy mass, 
yet, a little above and below the parts where the 
buds appear, it is succulent and green. This can 
be explained only by supposing that the increased 
vital energy of the buds is extended around them 
to a certain degree, maintaining the lateral com- 
munication through the pores of the cells, while 
these have now become impervious in other parts; 
and by this effect a sufficient supply of nutriment 
is provided for the bud, which, enlarging in every 
direction as the spring advances, at length opens 
its scales and pushes forwards, into the light and 
air, the young branch with its leaves and flowers. 
On examining now the connexion of the shoot with 
the stem or branch, we find it no longer an iso- 
lated individual, but seated closely upon the me- 
dullary sheath of the parent ; and the alburnous 
matter which is deposited betweAi its bark and 
pith, continuous with that thrown out from the 
liber of the old bark, already giving origin to a 
ligneous layer, that forms both a connecting vin- 
culum between the tree and the new branch, and 
a support to the latter in its projecting position. 

I suspect that Hill confined his examination 
of buds to the autumn, and before they were 
ready to open in spring; and thence he was led 
to adopt the opinion that the branch originates 
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from the vessels of the medullary sheath, which, as 
I have already remarked, he termed the corona, 
holding it to be the most important part of the 
plant *. The difficulty of explaining the appear- 
ance of adventitious buds on such a supposition, 
led to the rejection of his theory ; and I am sur- 
prised to find that a late ingenious writer sup- 
ports the fallacy of it by this remark ; “ it is no- 
torious, that trees in which not only this first 
circle, but almost every other circle of vessels 
has perished, produce leaves and shoots from 
the trunk where the bark is entire, as this au- 
thor himself admits, p. 44 of his work : ” for, in- 
dependent of the absurdity of imagining that the 
life of the tree could be supported at all, if every 
circle of vessels had perished, the objection dis- 
plays an unaccountable neglect of investigation. 

I trust enough has been demonstrated, in the 
dissections laid before you, to establish the fallacy 
of Hill’s theory; but on different grounds from 
those taken up by the author above quoted ; and 
I have now only to explain how the appearance of 
adventitious buds on hollow trees does not militate, 
in any degree, against the theory I have advanced. 
In doing so, I must recur to my position, that 
every bud originates witii the branch or stem on 

* HiU on the Construction of Timber, p. 21 . 

f Mr. Ellis: see the article Vegetable Anatomy, in the Step- 
plcment to the and 5th editions of thf Encycloycedia Bri- 
fannica, vol. i. Pari 2 . p. 335 . ^ 

VOL. I. 


I) n 



402 CONSERVATIVE ORGANS. [lECT. Vlll. 

which it appears, but is not always evolved in the 
season in which it is generated. When it appears 
at any future time, therefore, althougli it is, as 
I have demonstrated, traceable from the medul- 
lary sheath to the surface on which it appears, 
yet, the maintaining a communication with that 
sheath has long ceased to be requisite, eitlier for 
its preservation or its nourishment; and, conse- 
quently, it is not affected by the destruction 
of that part, or of the circles of wood interme- 
diate to it and the bark. The pale streams of pa- 
renchyma traversing these circles, only mark the 
track in which the vital speck or germ has ad- 
vanced to the surface of each annual zone, where 
it was ready to be developed, had circumstances 
been favoui’able for that event ; but this streak of 
parenchyma is altogether useless as far as regards 
the gem, except in the zone on the surface of 
which it is seated, and with the life of which its 
vitality is, indeed, intimately connected. De- 
stroy this zone, and the latent germ becomes 
extinct; increase its vital energy by any means, 
as, for example, by lopping off a branch, and 
the germ is evolved into a perfect bud and 
branch; but leave the parts as they are, and 
the vital speck advances to the surface of the next 
zone which is formed over the present, and so on 
progressively, until it is ultimately evolved, or 
perishes with the destruction of the tree. The bud, 
therefore, which appears on the surface of a hoi- 
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low tree, is still to be regarded as having originated 
in the first year of the life of that trunk, however 
old it may be : and its progress may be. traced 
through the shell of wood which still remains free 
from decay. 

In general tlie latent germ passes in a straight 
line through each concentric layer of wood : but 
when a branch, which is given ott' at an acute 
angle, coalesi^es with the trunk, its direction 
is changed to a curve, so as to continm* it in 
the w'ood of the stem or branch in which it 
originated. Thus in the horizontal section of a 
Willow, now before us, which was cut a little 
below the bifurcation of a branch, that had co- 
alesced with the trunk, we find the bud a, trace- 
able in a direct line from the centre of the trunk ; 
but. h. as soon as it enters the zone c. where the 
coalescence occurs, turns aside, and instead of 
being protruded at /'. which would have been the 
case had it continued its course in its first direc- 
tion, it appears at In this section, rf. marks 
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the last independent ligneous zone of the branch, 
and e. that of the trunk ; but it must be re- 
marked that the other zones, common to both, 
are the result of alburnous matter furnished by 
each in particular. 

A very clear idea of the origin and connexion 

of branches may be ob- 
tained by the aid of a 
diagram, similar to one 
which was employed by 
Du Hamel to illustrate 
the opinion he entertain- 
ed, although that was 
directly opposite to the 
theory I have advanced. 
Let us imagine the fi- 
gure in the margin to 
be a tree four years old ; 
the cone a. representing 
the first year’s growth, 
h. h. the second, c. c. the 
third, and d. d. the fourth. Tlie buds furnish- 
ing the branches e.f. g. h. are all generated on the 
surface of a. in the spring of the first year ; but in 
that year e only sprouts into a branch; on the 
surface of which is generated i., which in its turn 
generates Jt. In this series, each branch has sprung 
in regular succession from that of the former year ; 
the age of the brqnch being marked by the num- 
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her of ligneous layers : thus h. which is one year 
old, is covered with one ligneous layer; i. with 
two, and e. with three ; while the original trunk 
has four, which give the age of the germ, whence 

e. originated. But g. has two layers only, and 

f. h. no more than one, although shooting from 
the same surface as e. which is thus explained. 
The branch g. sprung from an adventitious bud, 
which protruded in the second year of the growth 
of the stem; and, tlierefore, although the germ 
whence it originated is as old as that of e. yet it 
is covered with two ligneous layers only ; and the 
branch 1. which it has produced in regular succes- 
sion has but one, or is no older than k. the third in 
succession on e. In the same manner the branches 
f. and h. which have also sprung from adventitious 
bulls, are of the same age as k. although their 
germs were generated on a. and arc consequently 
coeval with the first development of the trunk. 

Such are the observations which I have 
thought necessary to be laid before you to illus- 
trate the origin of branches and their connexion 
with the trunk ; from which the following conclu- 
sions maybe drawn: 1. That every branch ori- 
^nates in a bud or germ. 2. That every bud or 
germ is a distinct isolated individual, the lateral 
progeny of the plant, and generated at the first 
development of the stem or branch on which it 
appears; but, after some time, increasing by 

0 D 3 • 
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its own organic powers it forms a brancli, and 
becomes a part of the tree or shrub which has 
produced it. 3. That every adventitious bud, or 
bud appearing at any after period, originates in a 
germ generated at the development of the stem or 
branch on which it appears, although it has 
hitherto remained latent. 4. That every latent 
germ is annually carried forward, in a horizon- 
tal direction, through every concentric zone of 
wood, intermediate to the medulla and the sur- 
face on which it will sprout into a branch ; leav- 
ing behind it a substance of a peculiar structui'e, 
somewhat resembling a white cord penetrating the 
ligneous zones, by which its progress can be 
traced. 5. That every branch when fully deve- 
loped, displays the same structure as the stem. 

In examining the structure of the ROOT in 
ligneous Dycotyledons, it will be useful to follow 
the division of this organ into caudex, radicles, and 
Jihrils, which I adopted in describing the external 
characters of roots in general; and to examine 
each part, separately, beginning with the caudex. 

a. The Caudex . — ^Taking the Horse CJhesnut 
still as the subject of our examination, we find 
that the caudex of the root consists of the same 
parts as are found in the trunk of the tree, ar- 
ranged in the same relative order, and that each 
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part, when placed under the microscope, displays 
nearly the same structure as the corresponding 
part above ground. Thus in the bark we find the 
cuticle with its horizontal vessels terminating in the 
pai’enchyma ; the cellular integument consisting 
of regular hexagonal cells ; and the liber display- 
ing its reticular meshes. The cells, however, are 
larger than those of the caulinar bark, and are 
filled with a fawn-coloured instead of a green 
fluid. The circle of alburnum, and of wood differ 
in nothing from those of the stem ; except that the 
vessels, which are also cribriform, and the cells 
of the divergent layers contain numerous trans- 
parent granular bodies, which are likewise found 
crowding the cells of the medullary sheath and 
those of the pith. I have not been able to dis- 
cover any spiral vessels in the medullarif sheath of 
the root-caudex, even in the youngest trees; in 
which particular, therefore, the root differs from the 
stem. The pith, which is larger than that of the 
stem, consists of hexagonal cells, turgid with fluid, 
and so crowded with the granular bodies already 
described, as to obscure their hexagonal structure, 
which, however, can be distinctly observed in a 
very thin section. 

Such is the root-caudex of the Horse Chesnut 
in the second or third year of its growth; and it 
may be taken as an example of the structure of this 

u u 4 
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part in the majority of ligneous dicotyledons. 
While it remains entire, the young ti’ee may be 
regarded as composed of two similar cones united 
at their bases ; the one rising vertically, or nearly 
so, above the surface of the soil, and the other, 
which forms the root, taking the opposite direc- 
tion and penetrating the earth by constant ad- 
ditions made to its apex. The place of their 
union is distinguished externally by an im- 
pression as if a cord had been tied very tightly 
round the stem ; and is that part which the French 
term collet, in the first evolution of the plant in 
the germinating seed. If the apex be destroyed, 
it ceases to elongate in the direction of its axis, 
and shoots out lateral branches; but these are 
given off at various other parts also during its ex- 
tension, and form divisions resembling those of 
the trunk and the branches above ground. 

h. The Radicles. The medulla disappears in 
the radicles, whether they be given off from the 
caudex or a branch ; but something like the me- 
dullary sheath is still present. The radicle, there- 
fore, consists of a spongy centre, resembling the 
medullary sheath devoid of spiral vessels, sur- 
rounded by a circle of ligneous vessels, which are 
either cribriform as in the Horse Chesnut, or annu- 
lar as in the Vine (the character of the vessels in 
the radicle being always the same as that of those 
in the stem and branches); and a bark, which is 
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much thicker than that of any part above the soil. 
The vessels are so arranged as to give a radiated 
appearance to a transverse section, and I have 
been able to trace the presence of divergent rays ; 
but I am doubtful whether these are always present 
in the smaller radicles. In the Vine we sometimes 
find the bark running inwards, and dividing the 
vessels into distinct wedge-like bundles (see Plate 
7, fig. 11. *) ; and this may be the case, also, in 
other radicles, to supply the place of other diver- 
gent layers. 

The radicles given off from the caudex appear 
to proceed from the medullary sheath and the first 
ligneous layer; and, like the branches above 
ground, originate in the first year’s growth of 
each additional length of the root, for they can 
be traced to the medullary sheath in the thickest 
caudex. When, however, they are given off from a 
stem or a branch which has been laid down in the 
ground, they originate in the alburnum of that 
season (see Plate 6, fig. 9 -f*) ; and this is also the 

*In this figure, o. marks the pith in the slice of a shoot which 
had been laid down and had rooted; b. the first year’s wood; 
c. that of the present year whence the radicle e. has shot forth ; 
and d. the bark, the cuticle of which is seen uniting with that 
of the radicle. 

t In this figure, which displays the transverse slice of a 
Vine radicle magnified 750 times, a. marks the cuticle and the 
parenchyma of the bark ; h. the divided orifices of the proper 
vessels of the bark ; and c. those of the ligneous vessels. 
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case in those radicles which shoot out above the 
caudex when the soil is heaped up around the 
stem. From whatever part the radicles proceed, 
they are always given off in such a direction as to 
form a right angle with the surface of the part, 
which would not be the case did they descend 
from the stem buds, as Dr. Darwin and M. A. 
Du Petit-Thouars assert ; for, were their opinions 
correct, the radicles would be given oflF from the 
caudex in the same manner as a few threads are 
separated from a skein of thread. The radicle, 
on the contrary, receives vessels from tlie layer 
of the caudex on which it originates, from both 
above and below the point whence it shoots. 
I have not been able to trace the origin of the 
radicle ; but it is probable that every layer of al- 
burnum is capable of producing radicles; for it 
is only necessary to apply moist earth round any 
part of a stem or branch to make them protrude, 
c. The Fibrils *, soon after they are visible on 

I the radicles of the Horse Chesmit, are 
minute, ovate, semitransparent bodies 
k (see a. marginal cut, which represents 
a fibril considerably larger than in na- 
ture), and, when placed under the 
e microscope, appear to consist of a 
spongy mass of cellular matter, en- 
closed in a thin transparent pellicle, 


* These are the capillamcnta of Malphigi, Anat, Plants^ p. 145, 



LECT. Viri.] STRUCTURE OP LIGNEOUS ROOTS. 411 

perforated witli absorbing pores: such is their 
earliest character in every dicotyledonous root I 
have examined. At this period they are productions 
of the bark only of the radicle ; but a few ligne- 
ous vessels soon shoot into their centre, and they 
begin to lengthen (sec Plate 8, fig. a. b*); always, 
however, retaining a clubbed appearance at the 
apex (sec b. h. marginal cut). They shrivel up in a 
few seconds after the root is taken out of the 
earth, and then appear as represented at c. c. 
(marginal cut) ; but so great are their absorbent 
powers, that, when perfectly dry, if thrown into 
water, they expami again in a few seconds to their 
original size. The minuteness of these pores ren- 
ders it impossible, even by the aid of the most 
jiowerful glasses, to obtain a knowledge of their 
structure ; and although the fibril shrivels so 
quickly, yet the smallness of the parts prevents 
us from determining whether this shrivelling be the 
consequence of exhalation, or of the fluid being 
carried forwards into the radicle. Whatever may 
be the structure of these pores, they are evidently 


* Fig. 1 A. represents, greatly magnified, the entire fibril 
soon after it begins to lengthen ; the dark shade a. in the centre 
being produced by the ligneous vessels, which arc more opaque 
than the cellular matter ; h. is the real size of the fibril. Fig. 
1 , B. is a transverse section of the same fibril ; a. the vessels, 
h. c. the cellular matter filled with transparent granules, which 
arc much more numerous in the exterior circle f>. : d. the real 
size of the section. 


(* ^ 
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the absorbent mouths of the root, and must either 
possess a valvular apparatus, or a power of con- 
tracting’ strongly, so as to enable them to retain 
the fluid they imbibe, until it is taken up by 
the ligneous vessels. From their forming on 
the radicles and their divisions, and seldom or 
never on the caudex, they are placed at a dis- 
tance from the trunk of the tree ; and conse- 
quently seeds and small plants thrive better close 
to trees, than at a little distance, the earth being 
less exhausted in the vicinity of the larger roots 
than where the radicles spread. 

I have already stated (p. 129) the opinion of 
Du Hamel and some other phytologists, re- 
garding the annual death and reproduction of 
the fibrils ; and the objections to it urged by Mr. 
Knight. My own observations induce me to be- 
lieve that fibrils are annual productions in all de- 
ciduous trees and shrubs, although they are 
perennial in evergreens. Were I called upon to 
suggest a reason for this distinction, I would say, 
that, as the fibrils do not appear until the leaves 
begin to expand, they are produced for the pur- 
pose of maintaining a due balance between the 
absorption and the exhalation of the plant, and to 
secure a supply of nutriment in proportion to the 
demand, which must always depend on the energy 
of the leaves in which it is converted into the 
proper juice of the plant ; and, therefore, when the 
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leaves decay and fall in autumn, the function of 
the fibrils being no longer required, they also decay 
and separate from the radicles ; but in evergreen 
shrubs, the office of the leaves being permanent, 
the new set always appearing before the old set 
falls, the continued presence of the fibrils becomes 
also requisite. 

Such is the root of ligneous dicotyledons. Its 
similitude both in structure and functions to the 
portion of the tree above ground is very obvious, 
the caudex resembling the stem, the radicles the 
branches, and the fibrils the leaves; and hence 
trees have been inverted and yet have lived ; the 
buried stem and branches being converted into 
roots, whilst the roots elevated into the air and 
light have assumed the characters and performed 
all the functions of the organs, the place of which 
they now supply. 

B. Herbaceous Dicotyledonous stems are so 
much diversified in structure, particularly as far 
as relates to the arrangement of the parts, that it 
is impossible to form as accurate an idea of their 
anatomy from the examination of one or two spe- 
cimens, as we are enabled to do of that of the 
stems of dicotyledons. To obviate, however, in 
some degi'ee, this objection, I shall divide them into 
two classes, comprehending under the first a. /Aose 
u'htch have no central cavity, or entire, and 
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under the second, b. those which are hollow; so 
that by again subdividing these, I shall be able to 
convey to you some general ideas of tiie prominent 
characters which constitute the diversities. 

A. The entire stem has no conspicuous internal 
cavity, but the whole of that space whicl) is filled 
with the medulla in solid ligneous dicotyledons, 
is made up of cellular matter turgid with fluid. 
The stem, indeed, consists chiefly of similar cel- 
lular texture, with detached bundles of vessels re- 
gularly arranged through it, and the whole en- 
closed by a bark. As the diflerence in point of 
structure in this class depends on the arrangement 
of the vascular bundles, it may be divided into 
two genera ; the ^rst, a. comprehending all those 
herbaceous dicotyledonous stems in which the dispo- 
sition of the vascular bundles approaches to that 
characterizing monocotyledonous stems ; and the 
second b. those in which it resembles, in some de- 
gree, the concentric circles of ligneous dicotyle- 
dons: each of these genera necessarily including 
many species and varieties. 

a. To illustrate the first of the genera of stems 
just defined, I have selected the stem of the 
White Bryony, Bryonia alba, because it is a plant 
very readily procured. 

If we examine with the naked eye a thin 
transverse slice of the stem of Bryony, placed on 
a dark surfacp, we perceive that it consists of a 
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pale green opaque bark, enclosing a transparent 
parenchyma studded with fourteen opaque ovate 
spots of the same colour as the bark, and having 
a white dot in the centre of each spot (see Plate 
8, fig. 2, a). Placing the same slice under a mi- 
croscope of a moderate power, we find that the 
transparent portion is formed of hexagonal cells of 
different sizes ; and each spot consists of the divided 
orifices of two clusters of oblong cells and entire 
vessels, surrounding one large and several small 
sap vessels. The hark appears to consist of a 
cuticle and three distinct cellular bands, the cen- 
tral one of which is filled with a green fluid, and 
may be regarded as equivalent to the green cel- 
lular integument in ligneous dicotyledons ; except 
that it penetrates the outer band to the cuticle at 
nearly equal distances (Plate 8, fig. 2, b). If we 
take a small portion of this section, and also of 
a longitudinal slice of the stem, and examine 
them under the highest power of the microscope, 
we shall find the real structure of this kind of stem 
to be as follows. The cuticle is in'egularly reti- 
culate and streaked with green cellular lozenge- 
shaped spots (Plate 8, fig. 3, a. a.), which are the 
processes of the middle band of the bark ; the 
outer cortical band, or that immediately within 
the cuticle, consists of narrow tubular cells (see 
tt. a. fig. 4, A and b. Plate 8) ; the second of 
shorter and wider cells (b. 6.), filled^with the green 
secretion already noticed, and penetrating to the 
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cuticle at 1. 1. 1. 1. (Pig. 4, a.), so as to give the 
stem its striated aspect ; and the third band (c. c.) 
is composed of entire vessels. Although we may 
regard the part just described as analogous in 
some respects to the cortex in ligneous stems, yet 
in others it difFere materially from that organ ; and 
it can neither be separated entire from the parts 
beneath, nor can the bands be detached from 
each other without destroying the organization. 
Immediately within the vascular band of the 
cortex we find the cellular mass d. d. d. d. com- 
posed of cells which appear more or less regular 
hexagons in the transverse section (Fig. 4, a) ; 
but in the longitudinal (a) their length is seen to 
be more than twice the sum of their diameter. 
They are larger and more regular in the centre of 
the stem ; and the hexagonal shape is sometimes 
lost, in order to accommodate them to the forms 
of the vascular fasciculi. The cells are filled with 
a thin mucilaginous fluid, which is more viscid in 
the vicinity .of the vascular band of the cortex 
and the vascular fasciculi; but, as the season ad- 
vances, it almost disappears in the central cells, 
which then assume the character of the pith in 
dicotyledons. All the cells are perforated. The 
vascular fasciculi contain from seven to ten cen- 
tral vessels; one of which (/•/.) is very large, 
and the others (g. g. h. h.) smaller in a regu- 
lar ratio as th< 5 y are distant from it, or towards 
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tlie centre of the stem : these are surrounded by a 
doubfe cluster of entire vessels, jvhicb in the trans- 
verse section appear like small hexagonal cells 
(Fig. 4 , A. e. L ) ; but in the longitudinal (B. e. i.) 
they display their proper character, although it is 
not improbable they are divided, at certain dis- 
tances, by diaphragms which the transparency of 
their coats conceals. The central vessels are not 
all of the same structure, the larger being 'an- 
nular, with oblong pores (Fig. 5, o.) ; the next size 
spiral, with the fillet either punctured or studded 
with glands (Fig. 5, b.), for I have not been able 
to satisfy myself on this point; and the smallest 
(Fig. 5, c.) of the same structure as those vessels, 
which I have already described as existing in the 
stem of Tradesca<itia and of some other her- 
baceous monocotyledons. These consist of iso- 
lated rings, separated from each other by a space 
equal to their own diameter, which are apparently 
intended as a frame- work to keep extended a 
simple membranous' tube in which they are en- 
closed (Fig. 5, c.). . 

Mr. Kieser is the only phytologist who has 
published any description of the last-mentioned 
form of vessel; but he regards it merely as the 
substratum, or origin of the annular punctuated 
spiral*; and, had I seen it in the stem under 

* Mem* sur VOrPdnUaiion des P/cfwi<?A\Ha0rl€ni, 1,814. 

VOL., f. K E . ^ 
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consideration only, 1 should have adopted his 
c^inion, as it is the innermost and apparently 
l^e least perfect of the series in each fasciculus : 
but having seen it, in a more perfect form, in 
the Tradescantia ; and not being able to con- 
ceive why those distinct rings should exist only 
to be transmuted into punctuated spirals, I am 
inclined to consider it a distinct vessel. It is 
true, as Kieser has observed, that the mem- 
branous vessel, or intervening membrane as tic 
terms it, is punctuated ; but he appears to have 
overlooked the fact, that the rings are retained 
in their places by minute acicular bodies, which 
I have separated from the vessels in Tradescan- 
tia, although I have not succeeded in doing so 
from those in the Bryony. No such bodies are 
seen attached to the teal annular vessel ; and in 
the. spiral vessel (Plate 8, £g. 5, *6.), which is the 
^atermediate of the large annular vessel and the 
ringed membranous vessel in the Bryony, the 
flattened fibre or fillet forming the spirals is 
itself punctuated. Notwithstanding, therefore, 
the apparent probability and simplicity of Kieser’s 
theory of the transformation of the ringed mem- 
branous vessel into the punctuated spiral; and 
tins into the annular, in the description of stem 
now under consideration; 1 am still of opinion 
that the central vessels, in the vascular fasciculi in 
the stem of Bryony and of similar plants, are of 
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threE^)(^|l^t Idnds, as 1 bave^||l@{n'£^q.t 04 . 

Septate 8), tJbe.^11^%9 the^uaq^^at^ 

sfwai/aadthe.ruigedinembwN^us. ,r 

Such is the general staiicture of Ithose lie?-, 
baceous dicutyl^onous steins, which ai^rofiiha^ 
in some of their characters to mouocQtyle<^:^<f^e 
stems, particularly in the arrangemetit of the , vas- 
cular fasciculi through the parenchyma^ ^ut^ in 
r^^rding the Bryony as a good specimen of the 
structure of dbis our first division of herhac|oi|B 
dicotyledonous stems, we must bear in mind.tl^t 
tlm division admits of m&y modifications. In all, 
however, the fiisciculi are distinct, as^ijO tfie s|ems 
of monocotyledons; the chief feature that distin- 

* ' ’ ' >14 ' 

guishes tliem fi'om monocotyledonous ^tems, bein^ 
the presence of a decided coidex, more or less ap- 
proaching the characters of that which is nlwa^s 
preaem in ligneous dicotyledons; while the stein ,pf 
the monocotyledon is a^cis of vascular fascicnu, 
interspersed wil^ cellular matter and covered only 
by a simple cutic^ . ! 

b. The structure of then entire hp-baceous stem, 
mmhkh.the arrangement the. parts oj^oathfis 
' to that m trees and skmbs, ii; well illustrated, in 
the Madder, Rubia tinctomm. In a transverse sli^ 
«dvtfae st^ of this {dant, which is hexangufif^, 
we» Jiad the follosring parts: 1^ a cort^ a. 

8, fig. 6)t e^ily separable from the parts he^ath 
it; 2. a vascular layer^ h. resemMng in its con- 

ee2 ' 
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tinaity the first concentric woody carcle in a Igne- 
ous stenij and 3. a cellular pulp, c.. which gra> 
dually loses its aqueous contents, and assumes the 
characters of a real pith. By the aid of the mi- 
crascope, we find that the cuticle consists of a 
thin, transparent, cribriform membrane ; and en- 
closes a cellular cortex (Plate 8, fig. 6, b.), the se- 
cond layer of the cells of which. «. is filled with 
a green coloured fluid, which extends over four 
CH* five layers at each angle, and is the source 
0 ^ the colour of the steiii. , Beneath this gicen 
secretion the cells cont£n a pale yellow fluid, 
which gradually deepens towards the interior of 
the cortex, where we find its source, the proper 
juice, filling a range of narrow oblong cells b. 
which are situated close to c. the layer of return- 
ing ^vessels. In these the proper juice is«much 
paler than in the adjoining cells, which is 'pro- 
bably owing to its dilution, in consequence of the 
greater fluidity which is necessary for permitting its 
motion in the vessels, through the cribriform 
cimts of which it passes into the adjoining cells, 
where it is inspissated by rest, slowly spreading 
its colour outwards by the lateral communication 
of the cells.; In d. which may 'be termed the 
woody Ihyer, and which consists of the larg^ or 
sap vessels embedded in a green pulp, we find 
the vessels arranged like , wedges pointifig in- 
wards, separated by cellular septa, and thus form- 
j^g a continuods'^and enclosing the cellular pa- 
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reni^yoia e., and whicb ia • altogether composed 
of hexagonal cells, that bet»ine larger and more 
regular as they approach the centre; and supply 
the place of the pith. The green secr^ion in the 
pulp of the woody layer slightly ting^ the fluid 
in the cells of the pith to some distance from the 
circumference ; but, the colour being more and 
moic diluted, the central cells are completely co- 
lourless. The sap vessels are spiral, each being 
composed of three distinct filaments. The propei* 
or returning vessels are cribriform and extremely 
delicate. 

As in the former division of -this description of 
herbaceous stems, there are many modifications of 
structure, so, in some instances, in this division, it 
approaches more closely to, and in others recedes 
more widely from, the characters of that of trees, 
^hus, in the stem of Ekidive, Chicorium Endmm, 
which Malpighi has described*, the vessels near 
the circumference are disposed in lines, directed 
towards the centre, and are separated by small 
septa of compressed cellular substance; but the 
interior, which are also the larger, extend in 
rays a considerable way through the pith. In tlm 
stem of Lettuce, Lactuca mtiva, which may be 
r^arded as the intermediate df the two divisions 
already ' noticed, the sap vessels being in distinct 
fasciculi like those of the first, but arrai^;ed in 

**An(Homa Plantarum^ 
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one circle only round a pith, like those of the 
secopd, I find that the fasciculi resemble those 
in the Bryony, with the sap vessels, however, ar- 
ranged in distinct divergent rays in each fasdculvts. 
Ihe divergence, also, being on that circumference 
of each fasciculus which is towards the centre •of 
the stem, and all the rays pointing more dr less 
to that centre, they are necessarily of vety differ- 
ent lengths: the longest rays generally containing 
from six to ten vessels, whilst the number in the 
shortest seldom exceeds two or three. Between 
each ray we find the same condensed cellular septa 
which 'Malpighi has described as existing in the 
Endive, The sap vessels are all punctuated spirals ; 
but I haye not been able to ascertain satis&ctorily 
the structure of the returning vessels, their deli- 
cacy, transparency, and the milky nature of tl^e 
juice they convey rendering it impossible to make 
out their characters distinctly, even under a mi- 
croscope of the highest power. I have some rea- 
sons for believing that they are membianous and 
cribriform. ' * 

In concluding the view I have taken of this 
division o^ herbaceous stems,, it is necessary to 
point out an exception to the general rule, that 
all ligneous stems are necetearily perennials, and 
a||||||||iie herbaceous either annuals dr biennials. In 
, the lliom Apple, - tisXvLVB. stramonium, which is 
an annual, generally described as herbaceous, 

• and which contains a large proportion of a very 
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sp(^qgy, lax, pi(h, the stem^ when examined un- 
der .tie microscope, displays every- chai;acter of 
the real ligneous stem; resemhling pa^cnlarly 
that of the Elder, except that the cells of the di- 
vergent rays in the Thora Apple are nearly 
square, whereas those of the Elder are oblong. 
The stem of Thorn Apple is in feet a soft ligneous 
stetn ; and, consequently, heis been hitherto in- 
correctly classed as herbaceous. The softness of 
the stem is no argument against this decision, and 
only demonstrates the great diversity, with re- 
sppet to induration, which wood displays. 

B, Hollmv herbaceom stems may, also, be de- 
scribed under two subdivisions ; a. the Jistulous or 
unjpartitioned, and b. the partitioned. 

a. In intei-nal structure there is little to dis- 
tinguish the Jistulpits or unpartitioned hollow 
stems from those of the last division, except the 
deficiency of the pulp or pith which constitutes 
Jhe hollow ; some of them, in every other respect, 
resembling closely the Bryony, or those of the 
first subdivision ; and others those qf the second. 
With regard to the cavity in the centre of the 
stqm, in some it is apparently the consequence 
of an original deficiency of cellular matter ; for 
that which exists .has evidently under^ne no com- 
pression:. whilst ip, others it is evidently com- 
pressed, and the hollow seems to be the r^ult 

E B 4 
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of air introduced into the centre of the stem 
at a p^jnod subsequent to the foi^tion of the 
^idch at first fills up the whole .of the space 
ip[lt|iin the vascular circle. Whether the air con- 
tmned in tliese stems be introduced. -from without 
or generated in the stem as a secretion, is' still 
a question in phytology. £hcamining it eudiome- 
trically, 1 found that the stem of Cow Parsnep, 
Heraclenm splipndylvum, contains a little more 
carbonic acid gas, than atmospherical air, from 
which it difiers in no other respect. But if it be 
a secretion, the components will probably vary in 
diiferent stems *. 

h. The internal structure of the partitioned 
hollow stems is tlic same as .that of the fistulous, 
except at the knots where the partitions are si- 
tuated. In selecting the stem of Common Hemlock, 
Coniura maculatum, to illustrate this part of their 
structure, I shall point out to you a variation in 
the arrangement of ^le fasciculi of descending ves- 
sels, which is peculiar to this plant and a few others 
of the same natural order of the umbelliferae. 

If we place a transverse section of the stem 
of Hemlock under the microscope, we find the 
cortex to consist of a cuticle composed of a thin 
cribriform epidermis, covering two rows of square 
cells c. (Plate 9, fig. 8) ; and a cellular integu- 
ment,, c., through which the pyoper vessels descend 

* This part of our subject shall be fully discussed in its pro- 
per place. 
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Id lai^e flattened fasciculi h. b. placed near the 
cuticle. Immediately beneath the cuticle, round 
the fasciculi of proper vessels, ftnd bordering^ the 
cellular integument interiorly, the cells are irre- 
gular, smaller than in the centre, and filled irith 
a green secretion, which gives the green coloOr to 
the stem; but the colouring matter forming the 
blotches or maculm is deposited in the cells of the 
cuticle. Within the cortex, the principal bundles 
of sap vessels, d. with their accompanying de- 
scending vessels, are placed at equal distances 
round the circle, and stretch inwards, affording in 
the transverse section a form not unlike the print 
of the human foot. These alternate with smaller 
fasciculi, e. each of which is accompanied by three 
clusters of descending vessels ; the circumstance 
in which the peculiarity of this stem consists. 
The cellular matter is composed of irregular hex- 
agonal cells, turgid with a colourless mucilaginous 
fluid, which becomes firm and elastic when the 
part is placed in cold water. 

The nature of the septum or partition, which 
interrupts the cavity' of the stem at each knot, 
in this description of stem, is readily seen in a 
longitudinal section. By *the aid of a common 
lens, the vascular bundles ar^ easily traced, by 
their whiteness and opacity. 11108 in 'the liiar- 
ginal figure (see next page) the white line <i. is a 
bundle which runs uninterruptedly upwards on 
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the ade of the stem where no leaf is givm o6i 

« but b. when it anives at the base of 
tlie leaf c. tMyides, and one part d. 
' miters the leaf, while; the other, mirv- 
ing Inwards, cmitinu^ Ms course 
along the stem : it then gives off a 
bundle a little higher up, which ana- 
« v-s* stoimmsiag with a bundle from d. forms 
part of the fast^uli for supplying the new shoot, 
oiiginatiRg in the axilla of the leaf. The sep-‘ 
turn is mM a thin plate or diaphragm traveising 
the hollow of the stem; but a mass of cellular 
substance^ which, in the example before us, oc- 
cupies the space from e. tof. and is condensed in 
the centre where it appears white and opaque. In 
a thin lon^tudinal slice examined under the mi- 
crosoipe, we find that the cellular matter forming 
the septum is the same as that of the other parts, 
except where it is condensed in the centre (Plate 
9, fig. 9, h. *), at which place the cells assume* a 
horizontal position, as if the cellular texture in the 
parts above and below terminated at that spot, 

* In this figure (which represents a longitudinal section, 
passing through the smaller vascular fasciculus marked e. %. 8), 
a* is the cellular matter of the cortex; b. a bundle of proper 
vessels separated by II slip of substance from the sap 

vessels e. which simple spirals,^ , surrounded by a few oblong 
cells d.f . : the cells g. which supply the place of the pith, are 
condensed at h. forming the real septum in the hollow parti* 
tioned stetn. 


LE«T. VHl.] HOLLOW HER8ACE00« STEMS. 427 

and the boundary of the one compressed that of 
the other; each mass ^exceeding in length the 
space it is intepded to occupy. - In the e|d mem, 
however, when the pulp Which consttoites |i«!i 

becomes dry and the cells empty, the dnipungin 
is condensed to a thin opaque plate. ’ 

In both kinds of h<>llow stems, the sap vessels 
are spirals, formed of one or two flat, entire or 
punctured threads ; while the proper veasds, as fer 
asi have been able to observe them, are simpte, 
transparent, cribriform tubes. The number of 
vessels varies in each fasciculas, genei^ly in- 
creasing with the growth of the plant, and conse- 
quently the same fasciculus consists of a (differ- 
ent number of vessels, according as the part in 
which it is situated is nearer to, or farther from 
the root. Thus, in a mature stem of the Gourd, 
M. Kieser, who took the trouble of counting the 
sap vessels, says the number in each fascnculus, 
near the top of the stem, seldom exceeds six or 
seven, but below the second knot it is ninet^n, 
an^till greater below the third. In the centre of 
the stem the number of vessels in each ^cicnlus 
is twenty-three^ and near to the root twenty-nine, 
if the stem be examined in autumn. But besides 
this diversity with respect to number, Kieser as- 
serts that the sme and general characters of 
vessels vary. At an early period, or near the sum- 
mit of the plant, he says they are $imple spirals ; 
lower down they arc of a larger and annular^ 
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spirals j in the third internodial space they are still 
lar^^, and two or three of them have become 
^n^uated spirals ; and the number of these in- 
creases as we descend in the examination of the 
stem. In the mature stem, near the centre, each 
fasciculus large punctual^ spirals, and 

near the root only six of the^ twenty-nine vessels in 
each fasciculus are simple spirals, all the rest being 
punctuated. The same phytologist also asserts, 
that as these vessels enlarge, their sides become 
thicker and more opaque, and a sort of cellular 
tissue is formed within them *, A similar variety 
in the number of the vessels which compose tlie 
fasciculi of sap vessels, occurs in almost all her- 
baceous plants ; and my observations tend, also, 
to confirm Kieser s remarks respecting their aug- 
mentation in size ; but I have not been able to 
satisfy myself of the correctness of his opinion, 
that the transformation of the simple spiral vessels 
is the cause of the diversity of character of the 
vessels' in the different parts ©f the stem. I 
have not examined the Gourd ; but in the stems 
of Bryony and of the Cucumber, which belong 
to the same natural order of plants, I have found 
th6 three distinct kinds of sap vessels,' which 
I demonstrated to you in our examination, of the 
stnictut« df the stem of Bryony, in every part of 

I sur I' Orgatdsation des Plantes, p. 1 1?!. 
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the stem. We must, also, bear in mind, that, in 
his explanation of these diversities, Kieser has a 
favourite theory to support ; and believes that the 
simple Spiral is the original ‘form of every ve- 
getable vessel, whether annular ^r cribriform, and 
whether existing in trees and shrubs or in herba- 
ceous plants. But the fallacy of this opinion is 
easily proved by a good microscope and attentive 
observation. I am even satisfied that the exa- 
mination of the vessels in their united state in 
the fasciculi of herbaceous stems, often leads to 
erroneous conclusions; for, as the thread form- 
ing the spiral is moVe opaque than the membrane 
forming the membranous cribriform vessels, if 
one of these be 'mixed with sevei’al spiral ves- 
sels, it assumes a ribbed character owing to the 
spirals situated below or behind it being ob- 
scurely seen through its coat ; thence we con- 
clude that it is an annular vessel ; and the error 
is detected only when we can fortunately separate 
the vessels from each other, and from the sur- 
rounding cellular matter, an operation which is 
extremely difficult. Thus, in my dissections of the 
stem of Bryony, the large vessels in each fasciculus 
always appeared as punctuated annulars, until 
accident enabled me to detach one of them from 
the connecting parts. It appeared, evidently, to 
be composed of a simple membranous coat, punc- 
tured in circles found the vessels (scje^ Plate 9, fig. 
7). With regard to the rigid membranous vessel, 
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wtiich constitute of 

cicuhis {s^ marginal cut). Streh 
is the g^eral structure of the 
majority of strictly annual stems ; 
but they vary as far as regards 
the number of the rays of the 
sa|> vei^ls and the situation of the proper vessels. 
The celb of the bark arc, commonly, hexagonal. 
Varying however in size ; and those of the central 
jjmrt oblong, and apparently transversely fur- 
rowed; but the transparency of their coats ren- 
ders it difficult to ascertain whether this furrowed 
appearance arises from oblong slits, opening from 
one cell into another, or from elevations perhaps 
of a glandular nature. In all the annual roots 
belonging to herbaceous plants, which seci-ete a 
white opaque proper juice, as, for example, the 
Poppy, Papaver somniferum, nearly the whole of 
. the cells are oblong, or rather tubular ; and are ar- 

t ranged with great symmetry, 
in the manner figured at a. (see 
marginal cut). A few cells 
very highly magnified are fi- 
gured at h., chiefly to show the 
appearance of the lateral fim- 
rows or transverse slits, which 

in the root of the G,ourd, I am disposed to believe that the 
simple spiral is rarely, if ever, found in the annual foot. 

3 
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are very conspicoous in these cells. 1 have not* 
been able to detect any &jsciculi of proper v^sels 
in roots of this descriptic^, and I am, therefore, 
disposed to believe that these tubular cells are iM>t 
only the reservoirs, but the conductors of the 
proper juice. That they are endued with con- 
tractility, and communicate freely with each 
other, is evident: for, by making a horizontal 
section of the root, the exudation of juice is much 
grejiter than can be contained in the range of cells 
which is divided ; and, by placing a longitudinal 
slice of the root nnde»' the microscope, we find 
the cells of several successive ranges empty and 
shrunk. That this longitudinal communication 
is regulated by valves, or something of a similar 
nature, , is probable ; for, the exudation of the 
juice is much more considerable on the divided 
surface, and the sh linking of the cells extends to 
more distant ranges, in the portion of the divide 
root which remains attached to the plant, than i^ 
that which is separated from it. 

The disposition of the parts of the root is morp 
varied in biennial than in annual roots. Takiitg 
the. root of Burdock, Arctium lappa, as an ex- 
ample, we find that, in the firet season of its 
growth, or in the seminal plant, it consists of a 
thick cellular bark, the cells of .which are irre- 
gular hexagons arranged in concentric circles 
around a large, central part, whigh is composed 

VOh. 1. F F 
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•ohieflir of oblong cells, or rather short hexa> 
||bntil^ubes. These tub^ ip the ti*ansverse section 
arrariged in beailti||& rays proceeding from 
ip centre to the circumference, and, in the lon- 
^udinal section, show nearly the same symme- 
trical ranks that have been described as exist- 
ing in the Poppy root. The sap vessels are com- 
paratively few in number, and are arranged in rays 
through the central part. They are larger than the 
cellular short tubes, which are condensed in the 
line of each ray of sap vessels, so as to produce a 
very beautiful appearance in a transverse slice of 
the root examined under the microscope. All the 
sap vessels are punctuated, but I have not been 
able to satisfy myself that they are spiral. In the 
second year, a new circle of short tubes is formed 
i^th some additional sap vessels interspersed 
through it, both pi-eserving the radiated arrange- 
rtent ; the old bark appears lacerated, shrivelled, 
and pushed outwards, whilst the space betwixt It 
^d the new central matter, is filled up with fresh 
iSortical cells. 

The short tubes appear to be the principal re- 
s^oirs of the mucus, with which this root 
abotu^ ; but it is present in the coitical cells also, 
a lafetal communication existing between these 
and ’ the hexagonal tubes. It is apparently in- 
tended for advancing th^ fructification of the 
plant, being gradually absorbed as that process is 
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perfected; at which time the short tubes are 
emptied, and th«r sidc^ai^j^cadually become ligne|^ 
ous and opaque. 

The root of the Carrot, Daucuf carota, 
sembles that of the Burdock in general structu^, 
but the sap vessels are comparatively more nu- 
merous, and the cellular, lays more condensed. 
The cells and short tubes aia rather four-sided 
than hexagonal; and there is no symmetrical ar- 
rangement of the latter. The sap vessels are all 
punctuated, even the smallest and most i-ecently 
formed, which militates against Kieser’s opinion of 
transformation. 

In the root of Hemlock, Conium maculatuniy 
the sap vessels are situated chiefly in the centre^ 
in fasciculi, interspersed udth cellular matter, dis- 
posed in narrow wedgelike masses, divided by 
more condensed cellular mattar, • closely resem- 
bling the divergent rays in the roots of trees. The 
cortex is thick, and contains various fasciculi of 
proper vessels, disposed at regular distances, so 
as to form a kind of double circle. The sap vessels 
are punctuated spirals. 

Such is the structure of these three biennial 
roots. The diversity they display is sufficient to 
demonstrate the variations in the position, of the 
parts, which occur in biennial herbaceous root& 
In all of them the proper vessels constitute the 
greater part of the bulk of the root ; and appear 
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to be chi^y reservoirs of the proper juice formed 
by tbe first year’s folia^^^ which is expended in 
formation and of the flower-stem 

'^'^d the fruc^ficatiun, the]^dactions of the second 

As the growth of the flower-stem, therefore, 
and. the evolution of the flower advance, the root, 
instead of increasing in bulk, gradually shrivels, 
and becomes of a more ligneous texture, omng 
to the absorption of the proper juice and to the 
emptied state of the short tubes. On this account 
we find that those biennial roots, the Carrot and 
Turnep for example, in which the art of cultivation 
has much increased the deposition of nutritious 
matter, as to render them important as articles of 
food to man and other animals, cease to be fit for 
this purpose very soon after the flowers of the 
plants to which they belong make their appearance. 

The perennial herbaceous roots are still more 
varied in structure; as far as regards the proportion 
and arrangement of the vascular parts, than either 
the annual or the biennial. It would be impossible 
in this place to demonstrate even a very small pro- 
portion pf those 4ivei*sities : and these roots have 
been, too little examined to admit of any classifi- 
cation founded on structure. I shall venture, how- 
ever, to arrange them into two classes, the first 
coij»prehending those which, besides sap and pro- 
per vessels, ave ‘composed chiefly of short tubular 
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cells, which appear symmetrically arranged in the 
longitudinal section of th%rdot: the second, thosie 
which consist of sap anW^Poper vess^, and coi^^ 
mon cellular matter only, exhibiting no peculim* 
symmetry of arrai%ement in the longitudinal sec- 
tion. 

1. Perennial herbaceous roots composed 
chiefly of tubular cells symmetrically arranged. 
As examples of this.class, we may select the roots 
of Dandelion and of Marstf Mallow; because the 
principal secretion in the one is an opaque, white, 
glutinous fluid, and that in the other a transparent 
colourless mucus. 

If we place a transverse and a longitudinal slice 
of the root of Dandelion, Leontodon Taraxacum, in 
the first year of its growth, un- 
der the mi€ff%cope, *it ^appears 
composed of a cellular pith in. 
(see marginal cut), surrounded 
by ten fasciculi of sap vessels 
h.; and a very thick cortex, 
which consists, interiorly, of at 
concentric layer of smaller c^s 
arranged* in rays, through which run numerous 
fasciculi of proper vessels, c. arranged so as to 
form three concentric circles ; and exterioiiy of a 
mass . of hexagonal cells, the same as the pitb" 
covered with a thick cuticle, d. The sap vessels ai:fe 
punctuated, the perforations being oblong trans- 

r V 3 
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v^nie slits; and the radiated cells are tubular 
^d arran^d in symnaetrical order. The cha- 
piter of the proper vesielis can scarcely be made 
mit, owing to their transparency and the white 
juice with which they are filled* but they are evi- 
dently perforated and communicate laterally with 
tlje tubular cells, into which the juice they convey 
is filtered, to be preserved for the purposes of 
the plant. This juice probably undergoes some 
change in its passage, Ss it appears to be more pel- 
lucid in the tubular celfs, than in the proper 
vessels. * 

As the root advances in age, additional vessels 
^e added to the fasciculi of sap vessels, until the 
whole of the central part of the stem is nearly oc- 
cupied with them ; and, the original cellular matter 
being closely |^|^ressed between the fasciculi, 
the vascular poi^ion assumes the aspect of one 
large fiisciculus. Vessels are added exteriorly also ; 
but these are much fewer in number, althotfgh 
$||ey are larger and more distinct than those within 
t}|e original circle. In the same manner a new 
Is^pv of cellular tubes and of proper vessels is an- 
nually added to the bark, so that a transverse 
section of an old root appears to the naked eye to 
consist of an opaque woody central part sur- 
rounded with concentre circles, alternately 
opaque and transparent. The old cuticle, with a 
portion of cellular matter adhering to it, is annu- 
ally pushed outVvards, as in the trunks of trees. 
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and its place is supplied by a new one; but in 
this plant the cellular matter, winch is found 
situated immediately ^^^er the cuticle in th)^ 
young-, is deficient in the old root. ^ 

The transverse section of the root of Marsh 
Mallow, Althaea officinalis, displays a kind of 
pith composed of one large fasciculus of sap vessels 
in the centre, surrounded by a mass of cells ar- 
ranged in rays, having a few small fasciculi of sap 
vessels dispersed through jt; and several larger 
on its verge, forming an interrupted circle round 
cortex is thick, cellular, and contains clus- 
ters of proper vessels arranged in a radiated form. 
In the longitudinal section we find that the sap 
vessels are punctuated, but not spiral; and the 
tubular cells are comparatively much shorter and 
wider than those in the root qiyDandelion ; a cir- 
cumstance which appears ali^^^o be essential, 
when we consider the nature of the mucilaginous 
secretion deposited in them. 

In both these roots the central part readily se- 
parates from the cortex; and, except in very 
young roots, it is from the latter only that we can 
extract the secretions on which their value as me- 
dicinal agents jlepends. 

2. Perennial herbaceous roots composed chief^ 
of common cellular matter. The root of DeadRy 
Nightshade, Atropa Belladonna, may be takei ^ 

F r 4 
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an example of the general -structure of this di> 
It is composed of a central part and- a 
#ary thick bark. Placinlf a transverse section of 
the young root under the microscope, we find that 
the central part consists chiefly of cellular matter 
postured in a radiated manner, with one large 
fasciculus of sap vessels in the centre, and several 
smaller fasciculi interspereed through it, forming 
nine or ten indistinct, interrupted rays. In the 
root of the second year, the additional sap vessels 
appear as an interrupted circle bounding the cen- 
tral part; and in older roots, as new circl|S are 
annually added, the transverse section resembles, 
in some degree, that* of a ligneous stem ; or it ap- 
pears to consist of a pith, concentric circles of 
wood traversed by divergent rays, and a bark. In 
the lon^tudinal s^ion we perceive that the sap 
vessds are punctiUted, but certainly not spiral; 
and that the cells are oblong, but not arranged in 
the symmetrioal manner, which characterizes the 
former division of the roots under examination. 
Decorticating the root, we perceive, also, that the 
fesciculi of sap vessels do not run in straight lines, 
but tako a waving course; and by vessels separat- 
ing from one fasciculus coming in con- 
tact with those separated*from another, 
the whole appears Mke a reticulated tmc- 
ture on the surface of the central part 
(see marginal cut); a circumstance* 
whic}i.is not peculiar to this root, but is 
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geneml to all herbaceous roots in which the cen- 
tral part consists of rather more cellular than 
vascular matter. * ^ 

Such is the general structure of herbaceous 
raots. The main caudex in every instance is more 
or less of a spindle shape ; but it frequently be- 
comes forked near the apex, in which case there is 
a separation of the sap vessels, in the same man- 
ner as occurs in dividing a skein of threads into 
two or three parcels; each fork of the root con- 
taining a portion of the vessels belonging to t]^ 
main body of the root. „ In the lateral branches or 
rootlets, however, this is not the case. These are 
generally given off at right angles with the main • 
root; and each is composed of one large fasciculus 
of sap vessels enclosed in a cpUular cortex ; but 
very few of these vessels are ^en off from those 
of the caudex; the majorityheing new vessels ge- 
nerated in the puncta vitalia; in which the rootlets 
originate. Whether these new vessels anastomose 
(using the expression as it is employed in speaking 
of animal vessels) with the vessels of the main 
root, I have not yet been able to satisf^myself; 
they are evidently closely applied to and lost on 
the surface of the fasciculus of the caudex whence 
they originate, and pour their contents into it; 
but this might he efi^ted without an anastomoshi 
by the lateral transmission through the punctures 
in the coats of the vessels. 



442 CONSERVATIVE ORGANS. [lBCT. VIII. 

la general, the lateral rootlets extcaid in the 
dk^Kition of their axis, and display an unifonn 
IMlIicture thnn^hont their length ; but this is oc- 
dttionally alto«d by the nature of the soil. Thus, 
on the root of tte common Sweet-pea, Lathyrus 
odorahtSf when cultivated in a dry soil, we fte- 
qnently find that the rootlets, instead of extending 
as fibres, .swell and assume all the external charac- 
ters of knobs; which, however, differ from tubers 
in being merely reservoirs of nutriment, without 
oontmning the germs of future buds. When one 
oft these is dissected, the vessels are seen to origin- 
ate as in the other rootk^^ut they soon divide, 
f and embrace cellular mass which 
I contains the nutritious matter, bf which 

I the knob is the reservoir (see marginal 

J cut, in which a. represents the knob, 
tmd h. h. b. the natui*al radicles). The 
j Am explanation^' of the formation of these 

* 1^^ occadonal knobs on herbaceous roots, 
I advanced by Sir J. £. Smith, does not 

‘*'1 now appear to me so satisfactoiy a| I 

^ formerly suppi^sed it to be (page SS)6) ; 
far I find that they appear on the roots when 
‘*nd sudden fi'esh supply of food is furnished.” 
It is probably also, that such a supply, if made 
to a half-starved' plant, the roots of which as 
yet display no knobs, would occasion the na- 
tural extension of the rootlets, instep of producutg 
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knobs. It appears to me, that when an herba- 
ceous plant is partially stinted moisture and 
nutriment in the soil, the fnnctions of some of the 
rootlets are destroyed, owing to the sap vessds 
losing their irritability and becoming obstniated; 
while at the same time the absorbing orifices d the 
cuticle become also imjiermeable. But as the other 
rootlets still continue in a natural state, the plant 
is kept alive; and as the proper juices are se- 
cretfxl, the usual supply is sent to the affected 
rootlets, which, however, not being able to assi- 
milate it, the cellular matter in which it is depo- 
sited swells, and th0<^ fiilldtlets assume the cha- 
racter of the knobs in qilKtion *. 

From the examination of the structure of her- 
baceous roots, which we have just concluded, se- 
veral practical hints may be obtained. Thus it ap- 
pears probable, that those roots, containing bland 
saccharine or amylaceous secretions, which possess 
a moist cellular central part, are the best adi^ted 
for rewarding the skill of the horticulturist^ in 
omverting them into articles of food for man and 
other animals. We also discover the reason that 

. * Mr. Keith says, *' This anomaly seems to be merely the 
“ result of a provision of Nathre, by which the plant is en* 

dowed with the capacity of collecting a supply of moistore 
** suited to existing circumstances, and hence of adapting hsdf 
“ to the soil in which it |row8.” Sys#. ^ Phys. Bot. vri.ii. 
p.271. 
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the eeotral parts of some medicinal roots are as 
v^hble as the cortical; although, in gmieral, 
^ bark is that part of the root which is most 
richly stored with the proper juic^ of the plaijt. 
In examining unknown roots, when , we find the 
central part woody, we may always conclude that 
it counts entirely of sap v^sels, and therefore is 
useless either as food or as medicine; but when it 
is composed chiefly of a moist, cellular substance, 
we may expect to find it useful, from having some 
of the proper juice and secretions of the plant de- 
posited in it. The i|^ranoe of this &ct, led 
Pharmacopolists, until Ife^^^ tely, to expend un- 
necessarily much labour time in preparing 
several vegetable decoctions and extracts, as, for 
ocample, the decoction of sarsaparilla; for the 
preparation of which the root undeiwent long 
macerations and much boiling, from an idea that 
its virtues were contained in the ligneous central 
part; whereas the saponaceous mucus for which 
it is valued, is deposited solely in the cortical 
part, and can be entfrely extracted* by cold water. 

In selecting the proper period for digging up 
roots fot medicinal purposes, it ought to be re- 
collect^ that, as the proper juices which are 
stored up in the roots of such plants as produce , 
l^ves only in one year, and then flower and die in 
the second, are expended in^e process erf fructi*, 
ficatg ^iennial roerfs should be taken up at the. 
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end of the first season of their growth, for then 
the cells are turgid with the secretions. Perennial 
roots, also, should be dug up before the central 
part becomes ligneous ; for, as these roots increase 
in diameter by annual additions to both their cen- 
tral and cortical parts, in the same manner as the 
stems of trees, the interior of the central part be- 
comes every year more and more inert, and ul- 
timately decays; so that, in employing such roots, 
when old, even before they decay, the active 
principle they contain becomes too largely diluted 
with the inert matter ;tp answer the purposes 
expected from themli^i^fs. 

In closing our resljplfles into this part of Phy- 
totomy, the anatomy of stems and roots, I may 
observe that the subject has, hitherto, been 
imperfectly ‘examined; although the field of in- 
vestigation. is veiy extensive, and the harvest it 
contains calculated to repay amply the toil of the 
most assiduous labourer. The improvements which 
are dauly making in thi construction of the micro- 
scope, are likely soon to set aside all the obstacles 
depending on the minuteness of the parts; and a 
very little experience is sufficient to make tihe stu- 
dent expert in the use of this instrument. The 
best authors to be consulted on the subject are 
Grew, Anatomy of Plants; Malpighi, Ahatome 
Plantarum; Rudolphi, Anatomie der Pflanzen; 
Kieser, M4moire sur TOrganisation des Plantf»; 
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Mirbel, £}6mens de Physiologie v^gi^tale; Cbm- 
par^f Prodromo de flsica vcfetabile; Du 
Hamel, La Pbysiqne des Arbres; HiU on tbe 
Ck>n6traction of Umber; Knocker, de Plan* 
tarum Epidermide; Bauer, Tracts rdative to 
Botany, London, 1809; Bo/tmer de Vegetabilinm 
cellnloso Contextu ; Reichel de Vasis Flanterum 
spiraUbns ; Histoire d'un Moroeau de Bois, &c. par 
A. A. du Petit Thouars; Keith's System of phy- 
siological Botmiy ; Supplement to tlie Encyclo- 
peedia Britanirica ; and Mr. Knight’s papers in the 
Philosq>hical Transactions. 
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LECTURE IX. 

OF LEAVES — IN THEIR UNEXPANOED STATE, OR AS 
THEY ARE CONTAINED IN THE GEM : — IN THEIR 
EXPANDED STATE, OR AS CONSTITUTING FOUAGB. 

Having concluded our examination of roots, 
stems, and branches, w 4ipe no# prepared to in- 
vestigate the structure gjf.mtves. 

In Avinter, while tl^|»wer of vegetation is 
inactive, and the groi^el and forests present the 
desolate appearance of naked stems and branches, 
the majority of trees, shrubs, and mtmy other 
plants may be regarded as existing in a state of 
torpor, similar to that which some animals expe- 
rience in the same season. During this period the 
leaves are enclosed in small pyramidal bodies, 
either projecting from the surface of the stem and 
branches, or seated upon the roots; and in this 
state they remain untiUthe warmth of the vernal 
sun, again rousing into action the vegetable func- 
tions, enables them to burst open theii* coverings^ 
and clothe the woods anew in all the luxuriance of 
fotiage. In our examination of leaves, therefore, we 
must regard them both as they are shut up in the^e 
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h^Hermcuhy or mnter habitations^ and in their 
c^fKinded state. 

* The pyramidal bodies which I have just no- 
ticed am well known by the name of htds; and 
the appellation ^is so universally applied in this 
country in reference to their app^rance on trees 
in early spring, that it would be pedantjc to re- 
ject it ; besides, 1 have already used it in speaking 
of the origin of branches. But as the term bud is 
also employ^ to denote the separate flower before 
it blows, and as the purposes of science are better 
attained by usinf a W'lj^^ippplicable to the object 
only which it is intenliKy|^; present to the mind, 
I shall employ the teraiS^^ernacu/um as syno- 
nimons with bud, in treaUng of this part of our 
subject. 

A HYBERNACUiiUM may be defined : an organic 
body which sprouts from the surface of different 
parts of a plant, enclosing the rudiments of the 
new shoot ; and which is capable of evolving a hew 
in^vidual perfectly similar to the parent. This is a 
modification of the definition of Gaertner '(i^9h 

* An <»fuuc bedy generally sprouting fronk iJbe; surface 
“ a jdant, without previous fecundation; in the beginning 
“ dktinct from the peculiar and permanent membranes uf the 
"plant; butiHuch, in a certain time, ^9^ becomes a part 
« of the parent, or separates fronrit, and by the incretAe ita 
“ own substance becomea a new plant, closely resembling the 
“ parent.*' Gartner de PrucUbta Plant, p. S. 
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is ()l)j(!c(Ionab!c only in expressing an opinion, as 
to the early state of the hud, that may he dis- 
puted*. Some hyhernaeula remain attached to 
llie [)arent ; others dctacdi themselves after a cer- 
tain period, hut l)oth kinds are to he regarded as 
the latci’al progeny of the ])lant; for even that 
which remains attached possesses, in a certain de- 
gree, a sepai’ate or distinct vitality, by whicli it is 
eual)led to exist whtm forcibly detached from the 
parent, 'riius a hud taken from a tree, and pro- 
perly planted in the ground, covered with a glass 
to prevent too great an exhalation of its natural 
moisture, will grow and become a tree resembling, 
in every respect, that from which it was taken. 
Hut still the plant, whether raised from a bud 
thus forcibly detached, or from one Avhich na- 
turally deta<‘hos itself, is an extension only of the 
parent, displaying all its individual peculiarities 
the elfects of soil or culture, and inheriting all its 
diseases; whereas a plant raised from a seed is 
a new individual, displaying the generic and 
specific (diaracters oidy of the parent. From 
the same cause, also, plants which are natives of 
a warm climate, when taken to a colder, and pro- 

* Hybermculum cst pars plantae includens herbam etn- 
“ bryonem ab externis injuriis.’’ PhiL Bot. § 85. The ad- 
mirable simplicity which characterizes all Linnxus’s defini- 
tions is here conspicuous ; but the definition is objectionable in 
being equally applicable to the seed as to the hybernaculum. 
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pagated by slips or liiuls, never beeonic so com- 
pletely naturalized as to bear all tin* variations 
of tbe new climate witli impunity; but plants 
whicli are propagated by seeds, although natives 
of very warin climates, yet, become pi'rfectly na- 
turalized to cohler in a certain number ol' g(‘uera- 
tions. 

Botanists enumerate three kinds of sponta- 
neously separating liybei'uacuhi, the Propuiio, 
the Gongi/lus. and the Hull); and one which does 
not spontaneously sejiarate trom tlie parent, the 
Gem. 

The I'RoPAGO * is thus defined bytTicrtncr. 

“ A siin[)le leatless, polymorphous, or variously 
“ shaped germ, in some instances naked, in otlu'rs 
“ enclosed in a cortical sheatli, which sjiont.i- 
“ ncously separates from the {>arent, and is scat 
“ tered in the manner of seed.” It is a small 
pulpy or cellular body of no regular shape ; and 
is sometimes covered with an epidermis. It is 
readily found in dividing the tubercles and 
shields or saucerlike bodies, which appear on the 
surfaces of Licliens, in an early stage of their 

^ This term was used by the ancients chiefly to denote a 
cutting of the Vine, when buried in tlic ground to tlirow up 
new shoots ; but it was applied also to cuttings of other plants. 
Arborcs aut semine proveniunt, aut plantata radice, ixnijiropa- 
aut avulsione, aut surculo, aut insito et consccto arboris 
trunco. Pfhii/, 1. 17. c. 10. 
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fjITowtli. According' to (jlaTtner all tiic Aliia- an 
propagated by the propago, and not by ^eed." 
as Ile.dwig and other pliytohtgists liavc asserted 
Witli such names as contending authorities cn tin; 
snliject, may wc vimtnre to suggest, that al 
tliough the sexual organs of these plants have not 
yet Iku'ii discovered, and although they throw ofl 
the propjigo as lateral progeny, yet they may, 
also, produce real seeds ? Many of the more per- 
fect plants are propagated in both ways ; and 
we kiiovv that this occurs even in the animal 
kingdom ; for tlie a[)his whicii is first projtagated 
by sexual intercourse continues its species, through 
several suci-essive generations, by lateral offsets. 

“ Tlic GoN<;\n?s,” according to Ga'rtner, ‘‘ is 
“ a simple, leatk‘>s, somewhiit globular, solid 
germ attached To the parent under the !>ark, 
•• and separating spontani'ously from it. " He ob- 
serves that it has a close affinity to the tubers 
found on roots ; but ilifl'ers inasmuch as the tu- 
ber possesses as it were a multiplied life, so that 
it may be dividt^d into as many pieces as there are 
foliaceous gems on its surface, from each of Avhich 
a new plant will arise. The gongylus consists of 
cellular matter like the propiigo, but of a miudi 
firmer and more solid consistence, and is always 
covered with an epidermis. Gaertner supposes that 
the Fun^, or Mushroom tribes, are altogether pro- 
pagated by gongyli : but Michelius, Hedwig, and 

o o 2 
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Bulliatxl dctoc’tod tlioii- seeds ; and there is every 
reason for believing^ that these and many of the 
other tribes of lower [ilants produce both seminal 
and lateral progfeny. 

The BULB havin'^ been already defined (p. 164), 
and also described as it ap[)ears attached to the 
roots of plants ; we have now to examine it only 
as it appears upon the stem *. It is found on the 
stems of several sjiecies of the Lily, on that of bul- 
biferous Ooralwort, Dentaria hitlhifera, and of 
drooping Saxifrage, Saxifraga cen/uii, &e.-|- seated 
in the axilla of the leaves (Plate 1, fig. 9, a. u.). 
If we take the Tiger Lily, Lilium as 

an example, we shall find the bulbs appearing 
like a white speck in the Jixilla of the h'aves long 
before these expand. A few days, however, tiftta- 
the expansion of the leaf the bulb assumes a py- 
ramidal form, which gratlually enlarging and 
swelling in the centre, at length appears of an 
ovate or nearly globular shape, with a keel ter- 
minating in a point. During this transformation 


* Mirbel denominates the caulinar bulb, Bulbiile, BuUnllm^ 
and thus defines it : Petite bulbe qui nait sur diflerentes par- 
ties de la plante hors de tcrre, se detachc et prend racine/^ 
Elemens de Phys, Partie 2, p, (>31*. 

•j* Sir J. E. Smith says he has seen bulbs form on the flower- 
stalk of three-coloured Lachenalia, Lachenalia tricolor, whilst 
lying for many weeks between paper to dry ; and these on being 
put into the ground have become perfect plants, though of 
slow growth, hflrod. /o Boinny, p. 112, note. 
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it also acquires colour on that part of the surfac- 
exposed to the liicht; passing; first from white t( 
j^reen. then to li^dit hrown, and lastly to a verj 
deep shiniiii; j(‘t lirown. On attaining this degret 
ol maturity it separates from tiie stem on tin 
slightest touch, or it spontaneoie^ly loses its hold ; 
and, droppiuj; to the f^roiind and vejjetating’, 
throws out roots and aeijuires all the characters of 
a root Imlh. Linn;eu>, nevertheless, regarded the 
caidinar hull) as a gem, and denominated it (rem- 
old (Irciiliid* : hut. in(h:pendent of its spontane- 
ously sejiarating from the paix'ut, which the real 
gem never does, it differs in other e.ssential cha- 
racters li’um the gem. 

Kxamining one of these bulbs in a mature 
state, we find at its lower p:irt a dejires.sion re- 
sembling the hilum or scar, which on a see<l 
points out the place of its att:ichment in the seed- 
vessel. It consists, in the bulb, of a depression 
enclosing three elevated points, which indicate 
the place where the vessels (connecting it with the 
parent entered. The bulb it^ielf consists of two 
oitter scales, the uppermost lai-ge and embracing 
the lowermost, which projecting forms the keel of 
the bulb, and embraces another scale within it, 
which in its turn embraces a fourth, and so on to 

* Spc'cics (rcmmaruni varia^ sunt, Dccidtur in Dentaria, 
Oiiiithogalo, Lilio, Saxifraga. PIrif. /?«/. jS 
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the germ or embryon. This struc- 
ture is illustrated in tlie marginal 
cut, which displays a transverse 
section of the luilh very consider- 
ably magnified : a. is the upper- 
most or largest scale, composed of 
a mass of cellular matter enclosed in a ciiliclc, 
with seven fasciculi of vessels, as marked by the 
dots where they are divided, running throngli it; h. 
the second or lowernio>'t, or keel >cale, with its 
vessels; and witliin it are the tliird, fourlli, and 
fifth scales, each emliracing the one within it. The 
whole of the cells are filled with minute amylace- 
ous gramdes, mingled in a clear, visiad mucilage; 
the opacity of the fiuid being greater in the outer 
scales and diminishing in a direct ratio as these 
approach the centre of the bull). Each scale is 
covered with a beautiful, readily separating epider- 
mis. 

Making a longitudinal section of the stem of 
the Lily, so as to divide a bulb, 
ill sifu, directly through its 
axis, M'c find that the fasciculus 
of vessels a. (see marginal cut) 
wdiich nourishes it, and which 
may be regarded as its um- 
bilical cord, is a portion of the 
bundle h. which is given olF to 
supply die leaf. As it ap- 
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prouches the luilh, it divides into three fascicidi, 
on(^ of which ctitcrs tiie upper scale c. where it 
splits to form tlu* seven fa.sciculi tliat run throuf::h 
if, as lias been already ilemonstrated ; another 
passes into f he keel seale d. and the third subdi- 
vides fu supply th(‘ inferior scales and the em- 
br\on. 'I'he eondneling vessels are all siiujile 
spirals; but 1 h.ive nol been able to deteriiune the 
charaeter of the retiirniiui vessels. When the bulb 
is perftteled it sejiarati's from the stem, as has been 
already menlioned, in the samt' manner as ripe 
fruit falls, the umbilical vessels dividinji' at tlu' 
point of atlaehnieut. 

('aulinar bulbs when planted produce leaves 
only, like those formed on the septirated scales, 
or raisc'd from the seeils of tlu^ Lily; and like 
these, also, they exhibit ;dl the peculiarities and 
diseases of the parent. 

From the analoy:y which we reeoy:nise between 
the sexual jiroyeuy of animals, and the seminal 
proi^eny of vei^ettibles, we tire ticcustometl to re- 
i^ard the distinct, vittdity of seeds and their reten- 
tion of life its :i matter of course; .'uid even per- 
smade ourselves tluit we comprehenil the manner 
in which the principle of vittdity is conveyed to 
the embryon ; but, although bulbs resemble seeds 
iji many respects, yet as they arc not the result of 
the sexual functions, we find much difficulty in 
comprehending how they acquire and maintain 

4 ; < , 1 
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that individual vitality, which is necessary lor pre- 
serving them in a state fit for vegetating, after their 
separation from the parent, iind before they are 
planted in the ground. It wt»uld l)e antieipating 
the arguments I have to advance <*n tlie causes of 
vegetable reproduction, were I to enter largely into 
the consideration of this subje(tt at present; but I 
may observe that, whether the progeny be direet 
or lateral, a certain organization, whatever that 
may be, peculiar to the species to wbieh the indi- 
vidual belongs, is requisite for retaining the vital 
principle in conjunction with matter, ami this is 
found in the bulb as well as in the seed. In both, 
the einbiyon is to be regarded not as a part oidy, 
but as a compendium of the whole of the ))ar(‘nt; 
and the organization is so complete in every part, 
that the separation from the parent elTects no 
change in it; and, consequently, as long as no 
change occurs, both the bulb and the seed continue 
fitted for commencing the vegetating process, when 
placed under circumstances favourable for that 
event. But it may be argued that a small portion 
of a polypus will increase and become a perfect 
animal, and twigs of the Willow, the Vine, and 
of some other plants, after being separated for a 
considerable time from the j)arent, will vegetate 
if thrust into the ground and left there. W'e Know 
too little of the nature of polypi, to explain the 
multiplication of the animal from cuttings, but it 
..is probable that ',he vegetatiofi of (he twigs re- 
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femxl to, depends on the organization of the germs 
contained in tlie buds of these plants approaching 
to that degree of perfection which is found in bulbs 
and seeds. It may, however, still be demanded 
how is this jierfect organization accomplished in 
bulbs.' In seeds, while in the state of ovula, the 
])eeuliar stimulus of the pollen may produce a 
specific action (.‘apable of evolving all the parts of 
that peculiar structure, with which we find vitality 
connected; but in bulbs we can scarcely sup- 
pose that the vital action which coinjiletes their or- 
ganization differs from that by which a gem, or 
branch bud, is formed; and yet buds, when sepa- 
rated from the parent stem, will not live, unless 
lluy are either immediately planted, or inserted 
into another stock of a structure resembling that 
of the parent. A question thence occurs (admit- 
ting that all plants which throw off lateral pro- 
gi'iiy as bulbs, jiropagines, and gongyli, possess 
sexual organ.s, and, therefore, arc cajiabie of being 
also propagated in a direct way), namely, can any 
of the impulse communicated by the sexual func- 
tions influence the lateral progeny? That such 
an influence exists is piobablc, if it be allowable 
to reason analogically and refer to the animal 
kingdom; for we find that from the egg of the 
aphis, which is laid in the autumn, and is the re- 
sult of the sexual intercourse of males and fe- 
males, a young insect is produced in the spring ; 
which '.ifter casting its skin once or twice, pro- 
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duces <1 living prugony Avithout sexual intercour.se ; 
and “ this offspring produces others i>y this solitary 
“propagation, till the tenth generation; then a 
“ sexual progeny of males and females is produced," 
and eggs are laid from their cojmlation*. Now, 
althougli no experiments have I teen made to ascer- 
tain how long a hulhiferous plant may l»e propa- 
gated by bulbs only, cheeking every eH’ort (or the 
production of .seed, yet, we know that in hub 
biferous plants, wlien the j»rodnetioii of bidb^ is 
considerable, the seeds are si-ldom ripened, and 
even the sexual organs are often defective; and the 
rever.se happens when the production <»f bulbs is 
either scanty or defective. 'Fhe analogy bi'tween 
the successive lateral genenitions of the ajihis, 
before nudes and females ;ue fornu'd to recom- 
mence the propagation by eggs, and the pro- 
gressive formation of bulbs before a llower-bulb is 
the result, is still more striking, 'riiehiilh, which 
is raised from the .seed, produce's one or two leaves 
only, and bulbs one degree more perfect (ban it- 
self; which in their turn ydeld stronger plants and 
more perfect bulbs; and in this m.'nmer a suc- 
cession of leaf-bulbs are annually evolved for four 
or five years, till ;it length a flower-bulb and a 
semirud progeny arc produced. 'I’he vegetiible, 
however, diffei-s from the animal in producing, 
at the .same time with the flower-bulb, other 
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lc:if-l»ulhs also; so as still to secure its preserva- 
tioa should its flowers be accidentally destroyed. 

Sueli are the separating lij'bernacula. Al- 
though they reseinbh' seeds in containing within 
lliein a perfect einbryon, yet, like that contained 
in the attached buds, which we are now about to 
exaiuine, it is an oflsct or continuation only of the 
parent, an<l not a naiewal of tin* species. Many 
of thesf plants wliieh have been ijiiproperly nauied 
iinperfi'ct, as for exainjilc the ('nnf'ervu. and 
I/iihnis, are supposetl to be proj)agated by no 
other means; hut as the plants thus produced dis- 
play not oidy the <'ssential, buttheaeeidentaleha- 
raeteristies of the parent, I am disjiosed to believe, 
as 1 have already stated, that the *• propagation 
“ !»y see<l is, in their cas(‘,” by no means, ‘‘out 
“ of the ((uestion 

The attached Ilyberuaculuni. or hiuL or 
as it is more generally tciined, is a small 
oval or pyramidal body, enclosing the rudiments 

* rJrvfnrts (ff ihr P/iilo,snphij nj PUmts. iiy A. Decan- 
antlK. Sprongrl, <5 Enpr, Tran.s. 

f 'I’hc aiicicMits usod the terms (urmt ?/ and Oru/us to denote 
buds niiicli conlain tlic rudiments of branches and leaves, 
and (i(:?}r/}ia. those in ^^]licii tlotvers only art' contained; but by 
the moderns, (^rrnu'n has bt'on applied to denote the rudiment 
of the fruit; thus, Linna'U'^, Germen rudimentum fructus im- 
uuuuri in llore ( PhiL />V/. 9G), or as a generic term for all 

!)uds (see Ga;rtner di pnidihn^ijy while Gemma is employed 
^'xclusiveiy tt> indicate caolinav buds* « * ^ 
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of branches and leaves, and sometimes flowers, 
and never separating from the parent*. 

Gems are found on all trees and shrubs in 
temperate climates. In the majority of instam.'t^s 
they are visible from the first, in which case they 
are axillary, that is, seateil in the axillm of the 
leaves, or the angle which the upjier part of the 
footstalk of the leaf makes with thesnrfaci; of the 
stem ; and terminal, or at the extremities of tlie 
branehes: but in some instances, for example, 
the Sumachs, Rhus, and tlie Planes, Pin tan us, 
they are latent; being hid within the base of the 
footstalk, and never seen until the fall of the 

f leaf. In the marginal cut, a. repre- 
sents the ffwtstalk of a leaf of tht' 
^ Oriental Phmc, Platan ns orient a I is, 
split longitudinally to show the ca- 
vity h. in which is seated c., the 
gem. Gems are, however, some- 
times protruded from the trunk, 
long after it has ceased to produce 

* The above definition is a modification of that of Gartner, 
wiio tiius defines the gem, “ a compound subulate or pyramidal 
‘‘germ, witli manifest lierbaceous leaflets, containing the nidi- 
“ merits of branches, and never separating from tlie mother.*' 
Linnaeus’s definition is less correct, Gemma cst hybernaculuin 
caudici adscendenti insidens. Constat vcl stipuiis, vcl 
“ petiolis, vel foliorum rudimentis, vcl squamis corticalibus. ' 
PhiL BoL 85, 2. 
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leaves, us in the case of adventitious buds, already 
treated of; they are also situated on roots, and on 
tubers; but in these cases they are usually deno- 
minated cye.v, ovuli. Annual plants are supposed 
not to be furnished with gein.s; but although they 
are devoid ol‘ covered gems, yet their lateral shoots 
proceed from naked buds, which immediately 
spread into foliage. 

The relative, position of ux'dlary gems is ne- 
cessarily regulated by that of tlie leaf; and there- 
fore we find them, 1 . opposite, or placed exactly on 
the same line on o[)posite sides of the stem or the 
branch; 2. alternate, or placed alternately, al- 
though on opposite .sides; and 3. spiral, that is, 
placed round tlie stem or the braneh in sueh a 
manner, 1 hat a cord wound in a spiral manner round 
it would touch each gem. They are said to be 
simple or soUtarfi, whi'ii one gem only is seen in the 
axilla of each leaf, as in the greater number of in- 
stances ; and aggreyafe, when, as in some {dants, 
two, three, and even more, are protruded at the 
same time: thus we find two on the common 
Elder, Sambucus nigra, three on broad-leaved 
Birth-wort, Aristolochia sipho, and on Blue-ber- 
ried Honeysuckle, Lonicera cwrulea, and many 
on common Toothach tree, Zanthoxylum Jraxi- 
neum. ; but as these are natives of cold countries, 
it is supposed that the intention of Nature in this 
double and triple supply is to secure tlie plants 
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against the eft’ects of frost, and other accidents of 
climate to which their situation exposes them. In 
this climate, however, oin^ of tlie additional linds 
is always evolved the same .season in which it is 
protruded. 

Du Hamel first noticed the fact, that stems 
and braiudies furnisiied with 
alternate axillary gems, have 
generally one tcrniinal gem 
<inly, and those with op(H).site 
have generally ihrei' terminal 
gems, in the Horse ( iiesnul 
the miildle terminal gem is the 
largest {.see a. in the marginal 
cut), and bursts .soonest into 
foliage; whih’ tho''e on its 
sides (/;. b.) an- much smaller, 
and .sometimes never open, but 
decay and drop from tin* 
branch. In tiie Lilac, on the eoutniry, the middle 
terminal gem is always the smallest, and .scarcely 
ever pullulates. In. some trees, as foi- example the 
Pine tribe, all the gems are terminal. 

The gems on most trees and shrubs rise with a 
broad base from the surface where they are pro- 
truded, and, consequently, being in close contaid 
with it, are said to be sessile (ficxsHcsj ; but they 
are distant or stalked on some; as for example, 
the common Alder, Alnus glidhiom, on which 
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tlicy aio suj)|)ort(*d on a short footstalk, and are 
then termed stalked (pediciHata') . lii employing 
these terms, however, the student must hear in 
mind, that they ref(>r to the entire gem ; for a 
writer of great merit, in describing the gem, says, 
it “ is comnaaed with tlie stem o! branch by means 
“ of a sliort and desliy pedicle, in Avhich the 
“ scales originate * ; ’ whcacas this is merely the 
base ol’ tlic young branc h it eiu‘loses. The angle, 
aiMt, wliieh gems form with tlie stem or branch, 
varies c'onsidc'rably in dill’erc nt trc'CN; tlius on the 
Willow they lic' almost parallel to it, while on 
Apple ami Peai' trees thew projis t so as to form 
nearly ii right angle with it ; hut by this the di- 
rection of tile future branch is regulatc'd. 

Le t ns detacii a gem frenn any tree, for in- 
slanet' the Horse Chesnut. whic'h all’ords tlie most 
magnificenl spi'cimen of a gem known in this 
c’oimlry. and examine its struc ture*. \\c find that 
it consists exteriorly of eight pairs of hollow scales, 
each pair consisting of scale’s of the same form and 
magnitude*. |»laeed directly opposite to each other, 
in such a inannc'r as to cover the opposing c'dges of 
the |>!iir within them, 'i’ho inner scales :irc longer, 
and more temder and sncculc*nt than the outer, 
which are hard and covered with a viscid rc.sinous 
exudation, that unites them together, and is found 
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on the inner scales also; but of a thinner and 
more transparent quality. On removing all the 
scales, the rudiments of the young branch and the 
leaves are discovered, embedded in a soft hairy or 
woody substance. If this examination be made, 
by dividing a terminal gem longitudinally, in the 
very early part of spring, before the buds begin to 
swell, we find (see h. fig. 15, Plate 5) the rudi- 
ment of tlie new branch apparently ([uite distinct 
from the old ; separated by a partition M’hich, as 
the season advances and the scales begin to open, 
is gradually obliterated, while at the same time 
the quantity of woolly matter surrounding the 
leaves is greatly increased, and these aiajuire their 
determinate forms, folded up, however, so as to 
occupy the smallest possible space, lint although 
the examination of any gem will alford a gen 'ral 
idea of the structure of all, yet, gems difi'er a-r. 
considerably in the number ami characters of tie- 
enclo.sing scales, their contents, the folding up a 
the leaves within them, and the manner in whicli 
the.se arc evolved in the spring. 

a. The Aca/cA- which constitute, in fact, the hy- 
bernaculum, differ, as has been already stated, in 
size and texture even in the same gem ; in the 
gems of different plants they differ also in num- 
ber and in the nature of their coverings. Some 
gems, indeed, are entirely destitute of scales, for 
example, those of annual plants, and of many 
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perennials of tropical ciinia||S, in which ^ the in- 
terval between the formation and the evolrflion of 
the bud is so short as to require no protection for 
the young shoot. 

The scales in some instances are smeared with 
- a resinous matter ; in others they are perfectly free 
from any moist exudation, but are smooth and 
polished, being covered witli a dry gummy var- 
nish ; or they are externally hairy, or enviloped in 
a velvety down. Ift their organic structurej they 
closely resemble the scales of bulbs, being com- 
posed of a layer of cellular substance, enclosed in 
an epidermis, and containing fasciculi of ves- 
sels running in lines from the base to the apex. 
The vessels enter the soak in distinct fasciculi ; 
ami to this arrangeiiicnt is attributed the differ- 
enr’c in figure nhich always exists between the 
s ak cm' t he real leaf, into the latter of which the 
vessek enter in one fasciculus only, from which, 
at^ from a common centre, they are distributed 
through the leaf. 

'llie inner scales perform tlie functions of the 
leaves until -several of these are expanded, and then 
tfiey generally drop oflF; displaying in this respect 
a striking analogy to seed lobes, which, in many 
seeds, rise above the surface of the ground, aaid ; 
become green, executing all the funcriomi . 
leaves until these attain a certain degree of mft- 
turity; after which they shrivel and Ml. Ttie 



46 (> CONSERVATIVE ORGANS. [lKCT. IX. 

period at which the gcales drop, differs in diffeient 
p^nd*; in som^, as the common Lilac for instance, 
the more succulent inner scales remain attached 
until* the shoot has attained to a considerable 
lengfth ; whereas in the Lime tree, Tilia Europea, 
they drop before the leaf is fully expanded. Gems 
are scai’cely ever formed in the axilla? of the scales. 

Gems differ in their characters in the same 
family of plants*, and even when found on the 
same tree; and, as the external form of the gem 
indicates the- nature of its contents, Botanists have 
arranged them into three species, leaf-gems, flower- 
gems, and mixed gems. 

1. Leaf-gems, or buds (Gemma’ Jolt if era'), 
are long, slender, tapering, and acute, generally 
containing, besides leaves, the rudiments of a 
shoot, on which account they are alsc tenned 
wood buds; and are, in truth, enibryon bianehe.s-f-. 

* “ Gemmae in eodem genere sa:‘pe diversissimac, uti ' onstat 
** ex genere Rhamni^ ubi Cervispina, Alatcmus^ Paliurus^ 
** Frangila^ gemmis diversac sunt.’' PhiL Boi, § 278. 

t On this fact is founded the process of budding or inocula- 
tion, which is generally performed in July and^ August, and is 
preferred to grafting for such trees as are liable to exude much 
gum. To perform the operation, a transverse incision is 
made in the bark of the stock through to the wood ; then a 
long^ndinal one downwards, so that the two incisions shall re- 
temble the letter T ; and, lastly, the bark on each side of the 
ierngitodina) incision, is gently raised with a fiat instrument, or 
the handle of the pruning-knife. TRie bud to be inserted should 
be selected from the middle of a shoot, and being separated 
with a slice of ih2 bark about an inch above and below it, the 
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2. Flower-gems (GemnuB Jiori^'eroe vel 
ferw) are Short, thick, swelling and rounded at 
the apex. Whenever (fie fruit ripens, all the parts 
protruded from a flower-bud die, but those fram 
a leaf-bud give a permanent addition to the tree. 

;j. Mixad gems ( Gemmce miTicc vel J'ol!if0ro- 
floriferm) are intermediate in respect to fonii ; but 
generally larger than either of the other kinds-f*. 
The . Peach tree, Amygdalus Persica, the 
Mezert*on, Daphne Mezere- 
im, and many other plants, 
afford examples of distinct 
leaf and flower gems; the 
Lilac and the Horse Chesnut 

A 

of mixed gems; and Pear 
and Apple trees of both leaf 
and mixed gems. Tbe mar- 
ginal cut rqiresentsf he twig 

of a Pear tree, in which a. is 

* 

leaf is then to be cut off, leaving half an inch of the stalk ; 
and any wood that may remain attached to the bark, roust be 
stripped off by pulling it downwards. The lower part of the 
bark, attached to the bud, is now to be introduced into the cross 
incision in the stock, and pushed downwards: and, the upper 
part being cut across, the bark of the bud and that of the stock 
Le brought into close contact. A piece of bass tied round the 
stock over the incision is the best roodeof securing the tod 
in itt pUce; and on loosing it, about three weeks after flie 
operation, if the bud appear swelled and the fooutok of the 
leaf drop off, the operation has succeeded . 

f l innOT w unumeratQii seven species of gpilis: “ Deciduae, in 
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a kaf or branch gem; and b. b. are gems which 
prrauoe a small tuft of leaves terminated by a 
bunch of blossom. The* information afforded 
by the external characters of gems is import- 
* ant to the practical gardener, in priming fruit- 
trees in winter and in early spring ; for? without it 
the whole of the floriferous gems might be de- 
stroyed, and the expectations of the cultivator al- 
together disappointed. But change of soil or of 
climate, the art of the horticulturist, and many 
accidents, may change one kind of gems into the 
other kinds. Thus a Solandra, Solandra grandi- 
fiora, in the Kew garden, which had never flow- 
ered, being by an accidental neglect left without 
waler, the too luxuriant growth of the plant was 
checked, and flower-buds w'erc formed in the en- 
suing summer*. From the same cause, a tree 
newly transplanted, is often covered with blossoms, 
although it be nearly destitute of foliage. 

The leaves, as h^ already been mentioned, 
are variously folded up, so as to occupy the 
smallest possible space witliin the hybernaculum. 
This regulates the expansion of the leaves when 

Xhsiftr;aria» Ornitliogala, Saxitraga. Foliiferwy non Jio- 
** rifera : Alnus, Falii/hra^, et fiorifera: dutincUr : Populiis, 
Sfilicis species, Fraxinus, FoUi/eriV el floriferie Jminea 
“ Corylus, Caapinus. FoHiferee et fioriferw nuuctdm : Pinus, 
Abies. FoltiJertB el Jloriferet hermapkrodft^ .* Daphne, 0lmu$, 
‘‘ Cornus, Amygdalus. Foti^ero^floriferay ut plera&quc ar- 
bores.** Phil, Bot. § S5, ^ Smith's Inlroduciionf p. 190. 
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the gem opens in spring; and it is invariably 
the same in individual plants of the same spe- 
cies. The process is termed potUTiON and the 
figures which the leaves assume at the time, 
have received different appellations. In noticing 
these I siiall arrange them under the three fol- 
lowing heads : ot Folded, Ooerlapping, and y 
Rolled; and mention the varieties of each kind. 
The best method of ascertaining the character of 
a gem, as respects its foliation, is to cut it across 
while it is opening, and to examine the sections 
of the leaves. 

a. Folded. TWs kind of foliation displays the 
leaf or its parts variously doubled together! 
There are two varieties of it : the doubled and the 
plaited. 

1. In the doubled (condu- 
plicata), the two sides of the 
leaf lie parallel to each other, 
as exemplified in the Oak, the 
Walnut, the Cherry, the Beech, 
the Rose, &c. In the maigina]^ 
cut, a. shows the section of a 
leaf, and h. the entire opening 
gem of the Lime tree, Ulia 
Europea, which is an excellent 

illns^tion of this ^priety. 

• 

* Foliatio est corapHcatio ea, quam servant dum 
intra Gemmam aut Asparagos plantav um , latent. Phil. Sot. 

§ 163, iv. * 
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♦ 

f 2. In the- plaited (Plkata), the 
leaf is folded up like a fan ; as ex- 
emplified in many of the Palm tribe; 
in the Birch, Betula alba, and La- 
dy’s-Mantle, Alchemilla. In the maiv 
ginal cut, a. represents an iinexpanded 
leaf of Alchemilla alpina ; b. its trans- 
verse section. 
jS. Overlapping. Under this* head are ar- 
ranged those gems in which the margins of the 
leaves overlap those within them, or opposite to 
them, without being rolled. It comprehends the 
three following varieties. ^ 

* 1. The Imbricate in which the 

edges of two opposite leaves touch each 
other, embracing those within them, 
which they cover like tiles. In some 
instances the edges of the one leaf ex- 
tend a little over those of that to 
which it is opposed ; while in others 
the opposed edges scarcely touch. This 
variety is exemplified in Privet, Ligus- 
trum vulgare, and Lilac, Syringa vul- 
garis, &c. In the marginal cut, a. 
represents «the opening gem of Lilac, 
and b. its transverse section. / ^ 

2. The Eqnitant' (j^uitantia), in which 
the leaf is so folded, lhat the two sides 
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deeply, embrace the opposite leaf, 
wliich in its turn encloses tbe one 
‘posed to it ; and so on to the 'centre of 
the bud. It is beautifully exemplified 
in Day Lily, Hemerocallis; in the 
Iris family; and in Solomon’s Seal, 
as represented in the marginal cut, in 
which fig. 1 . shows the character*of the 
entire bud, with the leaf a. embraced 
by the opposite one h . ; and fig. the 
transverse section in which a. b. and 
the other leaves ai’e drawn slightly 
asunder, so a,s to show more distinctly 
their arrangement, 

3. The Obvolute (ObvolutaJ, in which one 
■A A leaf, doubled lengthways, embraces 
within its doubling one half of the, 
opposite leaf, folded in the same manner ; 
as in the genus Valerian, Valeriana; 
^ Scabious, Scabiosa; Teasel, Dipsacus; 
li and Sage, Salvia. In the marginal 
cut, «, represents the opening bpd of 
Hjl Common Sage, b. its transverse sec- 

W* tion. 

y. Rolled. This div^ipon contains all those 
gems in which the leaves are rolled, either on thdr 
latei^«^ margins, or from the apex to the base. 
There are five varieties of this form of foliation. 
f.The convolute (Convoluta), in which the^caf 
H H 4 • ’ • 
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is rolledlengthways in a spiral* manner, one mar- 
gin forming the aws round which thE other turns, 
as in the Plum genus, Prunus; fhe Lettuce 
tribe, Lactuca ; the Cabbage, Brassica, and many 
Grasses, &c. In the marginal 6ut, g. displays this 
form of foliation in a section of the unrolled leaf 
of Indian Corn, Zea Mays. 

• The Involute (Involuta), in which each 
lateral margin of the leaf is rolled in- 
wards ; as in the genjs of the Honey- 
suckles, Lonicerse ; and the Violets, 
Violae, &c. In the marginal cut, e. 
is a section of the unexpanded leaf 
of the Yellow Water Lily, NupHar 
lutea. 

3. The Revolute (Revoluta), in 
which the lateral margins are rolled 
outwards; as in the gems of Rosmary, Ros- 
mminus officinalis; and of the Primrose genus, 
Primub, &c. In the marginal cut, y. is a se^,- 
rion of the unexpanded rieaf of Patience Dock, 
Rweaesipatientia. 

4. The Circinal ( Cirdnata), in which the leaf 
^ f is rolled from the apex to the base, as 

in the Perm, Filices; the divisinns of 
the leaf, as represented at £i.^, in 
the marginal cut, being rolted i^n 
the mid-rib, which is also rolled from 

a ' • • • . 

o. to c. carrying the divisions in its turns. 

‘ '2 
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5. The 'plumed down ( Reclinata j, in which 
^ thl leaf .hangs down and is wrapt 

f round the footstalk, , as in the buds 
pf officinal Wolfsbane, Aconitum neo~ 
montq^tm: the genus Anemone, Sue. 
* In the marginal cut representing an 
unexpanded leaf of Duck’s-foot, Po- 
dophyllum peltatum, a. a. shows 4l\p 
^ leaf wrapped round the footstalk b. c. 

As the gems open^ the leaves gradually unfold 
themselves, and assume their natural forms; but 
the opening of the bud does not, in every in- 
stance, immediately set free the leaves; for, in 
some gems, each leaf is separately enclosed in a 
membranous cover, which opens either laterally 
or at the apex, and permits the leaf to expand. 
This covering is generally regarded as a stipule 
(stipula ) ; but it scarcely accords with Linnaeus’s 
definition of that appendage* ; and may rather be 
considered as a protection to the embryoo leaf, 
until it has attained sdBicient vigour to bear the 
stimulus of light, and to admit of that degree of 
perspiration, which its exposure to the atmo- 
sphere occasions. The gem of the Tulip tree, Li- 
riodendron Tuliptfera, afffivds a very beautiful e^- 
ampl^’^bf this form of foliation. The leaf before 
expaaMng is conduplicate and arched, or bent 

^ Stipula est squama, quae basi petiolorum aut pedunculo- 
rum enascentium utrinque adstat.’^ f^of, 84 *. 
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down as represented at a. in 
the marginal and the sti- 
pules, as they are termed, which 
are flat foliaceous plates (see b, 
which is one pf them separated 
to show its form and vessels), 
form a bivalve case for it, con- 
taining at the same time all 
the younger leaves, each arched 
and enclosed in a similar man- 


ner. As soon as the leaf is capable of bearing the 
exposure, the two plates of the case separate, 
bending down as at c. c. and in a short.time drop 
off; meanwhile the footstalk of the leaf becomes 




straight and, the disk is 
spread out to the light 
and air. In some in- 
stances this covering is 
uni valvular and sepa- 
rates at the base, at tl: ^ 
l^me time that it opens 
laterally, as exemplified 
in the Magnolias; and 
very elegantly in the 
Elastic-gum tree, ficus 
elasticai the of 

which (see fig. 1).^^. in 
the marginal cut) is of 
a deep red coldur, 
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thick, opaqu% and coverii^ the whole of the 
terminal sho# above the insertion • if. of the 
last evolved leaf, the footstalk of which h. is purr 
posely left in the figure : in fig. 2, the sheath is re- 
moved to display the leaf a. sea!ted on its footstalk 
e. and wrapped round the sheath of the next ex- 
pected leaf. In other instanees this sheath is thin, 
semi-transparent, .and filled with a gelatinous 
matter, which involves the young leaf ; as exem- 
plified in the Dock tribe, Rumex. These sheaths or 
utricular coverings cannot- be regarded as hyber- 
nacula, as they are present in every season of the 
.year; but, inasmuch as they preserve the young leaf 
from the stimulus of light and the effects of mois- 
ture, they bear a close analogy to the.hybernacu- 
lar scales. Their chief use, however, is to re- 
strain the perspiration of the young leaf, till such 
time as its vessels are sufficiently perfect to supply 
by absorf)tion the exhaustion of moisture which 
that function necessarily occasions. 

The origin of the ^m has been already suffi- 
ciently investigated (p. 383-406). It is evidently 
nourished during the summer by the leftf, which 
is, perhaps, to the embryo in the gem, what the 
flower is to the fruit ♦ ; but ii^hen the leaf falls, the 
gem|g Iftft to its own resources; and scarcely any 
visibie^ange occurs in its aspect or its magnitude 

^ La feuille est au bourgeon ce que la fleur est au fruit 
ci a la graine. ” Essnis sur la Vcg, par A. Aubert du Petit- 
Thouars, p. 
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until the following sj^ring. Dnrin ^ his torpidity, 
which is iflaintained throughout He winter, the 
scales are supposed to preserve the enclosed em- 
bryo from the effect of cold; but if we reflect 
on the insufficiency of so feeble a guard, and 
further consider the great degree of cold which a 
seed can withstand without losing its vitality, we 
shall ibe able to appreciate justly the value of this 
opinion. The fact is, the vitality possessed by the 
embryo in the gem, like that it enjoys in the seed, 
is not susceptible of the stimulus of heat under a 
certain degree of temperature; and until it re- 
ceives this, in coml^ination with circumstances 
otherwise favourable for vegetation, no change of 
organization is produced in it, and the vital prin- 
ciple remains unaffected, even in very low tem- 
peratures. Nor is this wonderful when we con- 
sider that a caterpillar may be frozen, and yet 
live after it has been thawed. But if 'the gems 
remained uncovered during the long period which 
intervenes between their formation and evolution, 
they would run great hazards from the effect of 
moisture* and from the depredations of insects, 
against which the scales and the varnishes which 
cover them are excellent safeguards. We, besides, 
know that light is unfavourable to the evSlutlon of 
thcembryo in the seed, and may we not cmclude 
from analogy, that this is the case also to the 
young branch in the gem? 

When the spring returns, and the temperature 
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of the atmosphere has arrived at that point which 
the“’excitabili^|^f the gem demands fof arousing 
its vital ener^^ into activity, the outer scales 
being no longer useful, drop off; but the inner 
ones remain and assume the functions of’ leaves, 
until the” real leaves are fully expanded. All the 
gems on a tree, however, do not open at the same 
time, for the current of fluid in the sap vessels 
communicating with*the terminal gems being*more 
direct than that which supplies the lateral gems, 
the former always ppen sooner than the latter. 
Flower gems almost always open before leaf gems 
on the same tree; but flower gems which are 
at a distance from leaf gems, generally fall with- 
out producing fruit ; and perhaps they possess al- 
together less individuality than leaf gems, yet 
flower gems live and flourish when they are de- 
tached and then budded near a leaf gem oh the 
same or on another stock. We are now treating, 
however, of the conservative organs only of plants ; 
I shall, therefore, at present, not enter upon the 
examination of the flower gem; but pass on to 
treat the contents of the leaf gem ; or leaves and 
their appendages. 

Leaves are organs of essential importance to 
the v^etable. They are, also, objects of great de- 
light ;aii|d interest, whether we examine them indi- 
vidually as the clothing of a single plant, or col- 
lectively as producing the lively freshpss of the 
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verdant vale, and the massive laxnriance of the 
darkened forest. The most beaujMf flower lo'ses 
half its charms when it is displ^^ on a naked 
stem; the miserable hovel becomes picturesque 
when spread over with the foliage of the Vine ; 
the ruins of former magnificence acquire more 
reverence, and command a double share of our 
resp^t, when seen through the tracery of the 
Ivy; %nd the horrors of the* frowning rock are 
softened into beauty when mantled with pendent 
creepers or with Alpine shrubs. Leaves are still 
more important when we regard them as af- 
fording food to man and the rest of the animal 
creation; and supplyftig medicinal agents to re- 
lieve their sufferings in disease. Notwithstanding, 
however, the interest which they thus excite ; anti 
our familiarity with leaves, as objects of sight, from 
our earliest years, it is impossible to form an un- 
exceptionable definition of the leaf. This difficulty 
arises from the great diversity of figure, substance*, 
surface, and colour which it assumes in different 
plants. If we cannot, therefore, define it accu- 
rately from its external characters, we must have 
recourse to its functions; and perhaps the following 
is the least exceptionable definition we can offer : 
— The leaf is a temporary organ of plants, which 
performs nearly the same function in the economy 
of vegetable life as the lungs perform in that (f 
animal life : or, in fewer words, leaves are the 
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respiratory organs of plants*. It may be ob- 
jected to th if^^ finition. that some plants, as for 
example the lH^er, Cuscuta Europea, the Sta-' 
•pelias, and many of tlie Cactus tribe, are devoid of 
leaves ; but in these instances, and in all aphyl- 
lous plants, the surface of the stem performs the 
function of the leaves. . 

The diversity of character which leave^ dis- 
play is taken advantage of by systematic Botanists 
for determining species, and consequently every 
circumstance connected with that diversity, — as 
form, substance, position, attachment, and direction 
should be made familiar to the student ; as well 
as the more intimate or internal structure Of the 
leaf itself. *In our examination, therefore, as in 
tlie case of stems, 1 shall first demonstrate the 
external characters of leaves, and then investigate 
' their anatomy or internal structure. 

Let us take any leaf fiom among those now 
scattered before us; this fqr instance of the Lilac. 
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Nf * . 

We find that it consists* of two parts ; the one, a. 
(see the figure) thin and expandi|i^nd which in 
ocaonmon language is named tha W^l^fidium ) ; the 
other Jong, equally ^ck as broad, and stalk- 
like, which is denominated the footstalk or petiole 
The footstalk and tlm expansion, 
however, constitute but one orgaii or proper leaf. 
Urn |9otstalk being miMly a prolongation of the 
mid<~rib c.c. which in this leaf divides the expansion 
into two equal portions. This is further proved by 
the fact, that the expansion cannot be separated 
from the footstalk Without tearing or cutting ; and 
that in autumn, when a leaf withers, both parts 
fall together, the wWble leaf separating, on the 
slightest touch, at the point vvhe#te the foot- 
stalk is attached to the branch*. But many of 
the leaves before us have no prolongation of the 
mid- rib, thence we conclude, that the petiole is not 
univei^al. Continuing our examination, we observe 
that the two surfaces «^f this leaf are not alike-, 
that one is of a deep gr€«n colour and smooth ; 
the other is a pale green and marked by a num- 
ber of elevated ridges ( costulce ), branching off 
from the mid-rib: the deeper* green and smoother 
surface is always turned upwards or towards 
the light, and is named the upper disk (pa~ 

* The error of Linnaeus’s definition of the footstaljc is very 
apparent: — “ Peliolus, trunci species, adnectens folium, nec 
“ fructificationem.” Phil. Bot. § 82. r. 
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gina mperiorjf^fiv face of the leaf; the latter, 
which has of ^tirse the opposite direction, is 
teamed the under disk (pagina inferior), or bade 
of the leaf : but, as I remarked with I’espect to 
the footstalk, these distinctions of surface are not 
universal, for we meet wi^ some leaves which 
stand vertically on the branches and have both 
surfaces alike*. That part of the leaf d. d., which is 
next to the footstalk or to the point of attachment, 
is always considered as the hose ; and the part e., 
which is directly opposite, the apex; whatever may 
be the shape of the leaf. The line e.J". d. d.f. e. 
forming the contour of the leaf, is named the 
margin. The angle which the leaf or its footstalk 
forms at its point of attachment with the ^tem, 
or the branch, is termed its axilla. 

Leaves are either Simple, consisting of one 
expansion only, with or without a footstalk, 
as those of the Lilac, the Apple tree, the Nettle, 
Urtica dioica, and many other plants; or Com~ 
pound, consisting of several distinct expansions, 
with or without distinct footstalks united to- 
gether on one common footstalk, as those of 

* Mirbel considers these as transformed footstalks. He re- 
marks, speaking of the Acacice of New Holland, “ A mesure 
« que le; folioles disparaissent, les petioles changent visible- 
“ ment de forme et de structure. La plupart s’elargissent vers 
“ les deux bouts, a la manidre d’un fer de lance.” Elemens rfe,., 
Phys.vlg. 1. 14'9. 

VOL. I. 11 * ’ 



482 CONSERVATIVE ORGANS. [gECT. IX. 

Buck-bean, Menyanthes trifoliatq.oi Horse Ches- 
nut, iEsculus, the Vetch tribe, Vi^, &c. 

A. Simple leaves (Folia simplida) differ in 
respect of general figure ; form or solid corfi^- 
ration apex; base; margin; surf ace ; oxidi sub- 
stance. 

a. The general figure or superficial aspect of 
a leaf is derived from the line which circumscribes 
its flat surface, or which is described by its mar- 
gin. In demonstrating the diversities which it 
displays, 1 shall begin with the simplest and pass 
progressively to the more complex. A leaf is termed 
Capillary (folium c^illare), a., when it is long, 
fine, and flexible, reseipbling a hair. Linear 
(lineare), b., when it is long, about a geome- 



trical line in breadth, and the sides parallel, or 
is the same breadth near the apex as at the 
base. Gramineous or riband-like (fasciarium ), c., 
when it resembles the linear, with which it is 
sometimes confounded, but from which it differs in 
being broader and not parallel towards the apex. 
Needle-shaped ( acerosum * ), <?., when, resembling 

^ Acerosum est lineare persistens: ut in Pinoj^ Ahiete^ 
** Junipero^ Phil. Bot. Notwithstanding this high au- 


LECT. IX.] GENERAL FIGURE OF LEAVES. 483 

the linear, is rigid and acute. Awl-shaped 
f mbulatum) ,^i, when it is thick at the base and 
gradually attenuated to a sharp point. Lanceolate 
(lanceolatwn),/., when it is four, or five times 
lohger than it is broad, and tapers towards 
both the base and apex. Sword-shaped (emt- 
forme ), g., when it is long, tapering to a point, very 
thin on both edges, and slightly curved. Spatu- 
late (spathulatum), h., when round at the apex 
it gradually tapers towards |he base. Wedge- 
shaped (cune’^orme vel cuneatum), i., when broad 



and abrupt at the apex it tapers towards the 
base. Fan-shaped (flahelliforme)y k., when it re- 
sembles the wedge-shaped leaf in the base, but 
is more dilated and rounded at the apex. Ob- 

thority, Qeither the leaves of the Yew nor of Juniper can be re- 
garded as needle-shaped. Linnaeus adds another circumstance 
connected with the needle-shaped leaf, more correct, ple- 
rumque basi articulatione ramo inserta.” PhiL § 277 . 
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long (ohlongum), when the length exceeds the 
Inreadth at least more than three times, with the 
ends generally rounded: blit the base and apex 
may be variously defined ; and this term,” as Sir 
J. E. Smith justly remarks, “ is used with gr^t 
“ latitude.” Oval or elliptical (wale vel ellip- 
ticum), Z., when it is twice as long as it is broad, 
and is nearly equally rounded at both extremities. 
Ovate (watum), m., when the length is greater 
than the breadth, jrith both extremities rounded, 
but the base much bxoader than the apex. Obovate. 
( obwaium), n., when it has the ovate shape reversed ; 



and is consequently attached by the narrower ex- 
tremity. Roundish ( subrotundum), o., when it ap- 
proaches to the circular figure. Circular (orbicu- 
lare), p., when its length and breadth are equal and 
the circumference is q circular line. Crescent- 
shaped (lunulatum_ s. semilunatum), q., when it is 
curved, as the name implies, like a crescent: whe- 
ther the footstalk be inserted into the concave or 
the convex edge of the crescent. Angled (angu- 
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latum ), when the circumference has considerable 
projections, which are not lobular: and the leaf 
is termed three-angled (triatigulatum ), r., four- 
angled and five-angled (quin- 

quangulatum), as the angles are either three, 
or four, or five. If the angles be obscure, the leaf is 
said to be repand (repandum). It is trowel-shaped 
( deltoides*) , t., when it has three angles, or 



* « Deltoides, rhombeum est ex quatuor angulis, e quibus 
** laterales minus a basi distant quom reliqui.” PhU, Bot. Sir 
J. E. Smith states that “ a wrong figure is quoted for this in 
Pkilosophia Botanica, which has caused much confusion.’* 
Introduc. p. 155. He might have added, that the whole de- 
scription is erroneous. 
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resembles the Greek A, one of the angles forming 
the apex of the leaf; and diamond^aped (rhom- 
hoideum), u., when the lines describing the edges 
of the leaf, instead of being curved, form obtuse 
angles pointing outwai-ds oh each side. A leaf 
is fiddle-shaped (pandurcsforme), v., when it is 
oblong and has a curvilinear indentation in both 
its sides : and lyre-shaped ( lyratum), *, when there 



is one large circular or elliptical lobe towards the 
apex, and -several snfall lateral lobes towards the 
base.> Jt is termed lobed (lohatum), when it is 
deeply divided into rounded segments ; and is, 
therefore, said to be two-lobed (bilobum), u ; 
three-lobed (trilobum), x.; four-lobed (quadrilo- 



bum)y &c. according to the number of the lobes. 
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It is arrow-shaped (sagittatum), y., when the disk 
is triangular, fnd the sides are produced down- 
wards into two pointed lobes, like a barbed ar- 
row; and ]&alberd-shaped (hasiatum), 2 . I., when 
the sides are produced into two lateral spread- 
ing points or lobes near the base. Sometimes the 
lateral lobes are distinct, as represented at z. 2. 



A leaf is heart-shaped (cordatum), a., when 
it is hollowed at the base into two lobes and 
pointed at the apex, so that the leaf has some- 
what the appearance of the heart on a card. 
When the apex, instead of being directly oppo- 
site to the base, is thrown off at one side, the leaf 
is said to be oblique cordatum, €, as beautifully 
illustrated in Begonia. Kidney-shaped (reni- 
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forme), y., when the apex is broad and rounded, 
and the base deeply hollowed out. A leaf is 
termed palmated (palmatum), when it is cleft 
into oblong or finger-like lobes, not, however, ex- 
tending to the base; but leaving an entire flat 
space, which has been likened to the palm of the 
hand. Laciniated or incised (laciniatum seu sec- 
tum), f, when it iS cut into numerous irregular 



divisions, which are termed segments. Parted 
(partitum), i., when the clefts reach nearly to 
the base : and according to the number of these, 
the leaf is said to be bipartitum) tripprtitum, gua- 
dripartitum, quinquepartitum, multipartitum. It 
is said to be cloven (Jissum), when the margins of 
the segments are nearly straight lines : and accord- 
ing to the number of the clefts the leaf is termed 
bjfidum, trifidum, multifidum, x. (page 491), &c. 
Runcinate (runcinatum) , A, signifies that the ex- 
pansion is deeply cut into many transverse acute- 
angled segments, the points of which tend to- 
wards the base of the leaf. When the segments 
are deeper, and more regular and distant from 
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each other, the figure of the leaf is termed pin- 
natifid (pinnat^dum) , p; and pectinate (pectind- 
tum), V, when the segments are very narrow, 
linear, and parallel .like the teeth of a comb. 



These terms are frequently combined to ex- 
press modifications of tfvo or more of the forms 
they imply conjoined in one leaf. Thus you will 
find in the description^ of leaves, in systematic 
works, such terms as ovato-lanceolatum, cordato- 
lanceolatum, hastato-lanceolatum, cordato-ovatumy 
lineari-lanceolatum, cordato-sagittatum, sagittato- 
ovatum, lanceolato^ellipticum, subrotundo-corda- 
tim, &c. the meaning of which can be accurately 
acquired by practice only in the examination of 
plants. The three last-mentioned terms, I ought 
to notice, involve a contradiction; or, at least, 
are too nice for practical purposes; and con- 
sequently we find, that several of the best 'sys- 
tematic Botanists have confounded and misap- 
plied them. The terms indsum and dissectum 
are mei*ely modifications of laciniatum. I may 
take this opportunity of remarking that the 
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terras angled and lobed are, also, not unfre- 
quently misapplied, although the distinction is 
perfectly obvious: thus, each segment of an 
angled leaf has the margins, which meet to form 
the angle, straight or nearly, so; whereas in a 
lobed leaf the margins are always curved, so as to 
give the lobes a rounded appearance, whether 
their apexes be obtuse or pointed. The import- 
ance of accuracy in the application of terms sig- 
nificant of the forms of leaves, will be fully seen 
when I come to treat of ,the classification of plants. 

fe. The solid CM^guration of a leaf is taken 
from its real foi*m, including length, breadth, and 
thickness; determined by transverse and longi- 
tudinal sections. It is termed Cylindrical (teres, 
cylindrica), 1, when a transverse section, made 
any where throughout the greater part of the 
length of the leaf, is circular. If the diameter 
be very small, so that the leaf is as fine as a 
hair, the configuration is termed capillacea, the 
distinction of which from capillary, consists in 
the form of the capillaceous leaf being exactly 
that of a hair, whereas the capillary is only 
as small as a hair; — Semicylindrical (semicy- 
lindracea), 2, when one side of a leaf is flat 
and the other convex; — Tubular 3, 

when the greater portion of the leaf is cylindri- 
cal, or nearly so, tapering to a point, and hollow 
within. Sometimes the hollow appears as if it 
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were formed by the two. sides of the leaf being 
compressed together, but. separated near the 
midrib, so that one pait of the leaf is flat 
and another tubular, as beautifully exemplified 
in the genus Sarracenea, 4 . — ^The configuration 
is four-edged (tetragona), when there are four 
longitudinal sides, and consequently four comers: 
but if there be three sides only, as in Mesem- 
bryanthemum aureum, the configuration is termed 



trum to express an awl-shaped leaf, which has 
three flat sides; but the term is superfluous. 
Tongue-shaped (lingulata), 5 , implies that the 
leaf is thick, oblong, and blunt. This form of 
leaf is often cartilaginous at the edges, as in 
some of the Aloe tribe. The configuration is 
gibbous (gibba), 6, when it is thick and swells 
out, or is humped on one or both sides. Symitar- 
shaped (acinacyvrmis)f 7, when one edge .is 
thick, flat, and nearly straight, and the other 
thin, sharp, and curved like a symitar. Hatchet- 
shaped (dolabriformis), 8, when it resembles the 
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former, but has the keel or compressed part more 
abruptly prominent, and the base nearly cylin- 
drical. Sir J. E. Smith remarks, that “ these two 
“ last terms might well be spared, as they seem con- 
“ trived only for two plants,” but this is supposing 
that the whole vegetable world is already known, 
which is very far from being the case. The same 
leaves are examples, also, of the two next terms of 
configuration: the Compressed (compressa), which 
is used when a thick leaf is flattened laterally, 
so as to make it thick|^’ than it* is broad; and 
the flat (plana), when both surfaces of a thick 
leaf are flat and parallel to each other. A two- 
edged leaf (folium anceps) , JO, displays both the 
edges, in a transverse section, produced to a very 
acute angle. The configuration is spherical 
(sphaeroidea), .when it approaches to the globular 
form: Ovoide (ovoideaj, 11, when it some- 
what resembles that of an egg: Coccoon -shaped 
(fusina), 12, when it is cylindrical in the middle 



and tapers to a point at each end : Club-shaped 
(clavttta), when it is round and stem-like, with a 
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thick, blunt apex: Hooked (uncimta), 13, when 
it is curved so as to resemble, in some degree, a 
hook ; Lenticular (lentimlca'is) , when it is flat, 
roundish, and convex on both surfaces, and a 
transverse section of the leaf has the appearance 
represented at 14, in the cut. 

c. The apex of a leaf, as has already been de- 
scribed, is that part which is opposed to the 
base or the footstalk ; or to the point of attach- 
ment when it has no footstalk. It differs very 
considerably in shape in different leaves. The 
apex is termed acute (acidtis), 15, when the 
conjunction of the two lines of the edges forms an 
acute angle: acutiusculus, l6, when there is a 
slighter degree of this kind of termination : acu- 
minate ( acuminatus), 1 7 , when it is long and very 
tapering : spine-pointed ( cmpidatus ), 1 8 , when it 
runs out gradually into a small, awl-shaped, ri^d 
spine; and mucronate (mucrmatus), ip, when 
it is rounded with an herbaceous spine standing 
on it. The apex is awned (aristatus),*, when it is 
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terminated by a long rigid spine, which does not 
appear as a continuation of the leaf: cirrose (c/r- 
rom$, cirdnatm ), 20, when it i^ produced into a 
kind o^tendril; and this is in a few instances “ fur- 
“ nished with an additional organ for some par- 
“ ticular purpose not essential to a leaf Thus, 
in one species of the genus Nepentbes-f*, 21, the 



^ Smithes Introduction f p, 173. 


f This singular family of plants was first noticed by Hiero- 
nymus Benzoniy an Italian, who visited India about the middle 
of the sixteenth century (1542 — 1556) ; and was described by 
him in a work entitled, “Nova novi Orbis Historia,’’ Genw./a?, 
1578. One species of it, the Phyllamphora ( Lin , was af- 
terwards fully described and figured in the Herbarium Amboi- 
nense of Rumphius, who was appointed Governor of Amboyna 
in 1706. Rumphius regards the fluid found in the pitcher as a 
secretion of the plant itself, and says it increases during the 
night ; that it has a sweetish taste and attracts worms and other 
insects into the pitcher; who, however, all die, except a 
species of squilla, “ squilla gibba/’ that seems to prey upon the 
carcasses of the others. He describes the pitcher itself as being 
beautifully coloured in the inside with purple streaks and spots ; 
and the lid opening and shutting. This species is found in 
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apex of each leaf terminates in a long rigid thread, 
a continuation of the midrib, bearing a small 
covered pitcher, which is generally found nearly 
full of water : in another species this pitcher is 
sessile, * ; and, in Dionsea muscipula, the ap- 
pendage is composed of a pair of toothed lobes, 
22, which are irritable; and which, close together 
and imprison insects that alight upon them”!-. 
The apex is obtuse ( obtusm ), 23, (p. 493), when it 
forms the segment of a circle or is rounded. The 
rounded apex of a solid leaf, when a little thick- 

Amboyna growing in dry waste places ; and also in Ceylon; 
but I suspect that the Ceylon plant is a variety, if not a distinct 
species, for the pitcher is not contracted at the neck, as in Rutn- 
phius’s figure, and it is found growing only in moist valleys and 
on the banks of rivers. At this time (August 1821), there are 
several plants of Nepenthes distillatoria vegetating in pots, in the 
magnificent hothouse of Messrs, Loddiges, at Hackney. The 
pitcher in this species is attached to the apex of the leaf, without 
the medium of the twisted wire, which is found in Phyllam^ 
phora ; and there are, also, two leafy appendages running the 
whole length of the pitcher, on that side of it which is next to the 
plant. The lid exactly resembles that of Phyllamphora. A more 
beautiful vegetable pitcher is found in the Cephalotus follicular 
rw, a New Holland marsh plant, which was discovered and de- 
scribed by Mr. Robert Brown, to whose exertions and talents 
Botanical science is most extensively indebted ; and is figured 
in the atlas of Capt. Flinderses voyage ; but, as it is not ap- 
pended to the leaf, I shall describe it among the general ap- 
pendages. 

f The cause of this vegetable phenomenon shall be after- . 
wards investigated. 
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ened, but not sufficiently so as to render it 
clubbed, is termed incrassaius. If a small point 
project from the middle of the obtuse apex, the 
leaf is said to be obtusum cum acundne, 24 (p. 
493). The apex is termed retuse (returns), 23 , 
when it is obtuse, with a broad shallow notch 
in the middle: emarg^nate (emarginatus), 26, 
when the notch is sharper, or nearly triangular : 
truncated (truncatus), 27, when it appears as if 
cut across in a straight line ; as beautifully exem- 
plified in the leaf of Liriodendrum tulipifera. It 
is jagged (precmorsus), 28, when it appears as if 
gnawed off, and the cross lines describe several ir- 
regular points. Ex. Caryota urens (28) ; and tri- 
dentate ,(tridmtatus), 29, when it forms three 
teeth. 



d. The differences in the bases of leaves depend 
on the general superficial configuration ; I must, 
therefore, refer you to what has been said on that 
subject, and notice here one circumstance only. 
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connected with the base, which has not already 
been described. WIren thO two halves of the ex- 
pansion are of different lengths, tibts is observable 
chiefly at the base, and the leaf is saM to be un- 
equal or oblique (bad inoequah)^ 30, (page 496). 

e. The Margin of a leaf may 4)e either entire, 
indented, bordered, or rolled. 

* Entire. 

An entire leaf (folhan integerrimum) has the 
line of the margin uninterrupted, or free from 
every kind o^ incision or indentation. Sir J. E, 
Smith properly remarks that this term refers 
solely to “ the margin of a leaf ; whereas 
“ tegrum respects its whole shape, and has no- 
“ thing to do with the marpn'f-.” , I may add, it 
is used in contradistinction to compositum. 

** Indented. 

A leaf is termed sinuated (dnuatufn)y 31, (page 
498), when the margin is cut into roundish scollops, 
as in the Oak, Quercus robur; but when the notches 
or scollops are very irregular, as if formed by the 
gnawing of some insects, the margin is then said to 
be gnawed fcrostw^, 33. It is termed toothed (den^ 
tatus), 33, when it displays pointed inaiginal pro- 
jections of the expansion, with interstices between 
them ; and the following terms are employed to 
express the character of the mar^n as far as re- 

t Inirod, to Phys, and Syst. Bot. p. 161. ^ 
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gardsits denticulations: equally toothed (cequaliter 
dentaius), 34; unequally tooth^ (inoequatUer den^ 
iedus), 35 ; deeply toothed (prqfunde dentatus) ; 
obscurely toothed ( obsolete dentatus), 3d. If the 
dentaculations themselves be again deiitated, then 
the margin is tei*med doubly dehtaie Y<^Mp/*ca<o- 
dentatus), 37. 

The margin is denominated serrated (serratus), 
38, when the teeth are sharp, and lie as it were 
upon each other, as in a saw, all pointing towards 
the apex of the leaf. Hie nature of the serratures 
is distinguished by the foUomng terms applied to 
the margin; equally serrated (oequaliter serratus); 
unequally serrated (incequaliter serratus): sharply 
serrated (argute serratus) ; deeply Serrated (■pro- 
funde serratus), SQ; and doubly ’serrated (di4- 
plicqto-serratus), 40. When the serratures are 
minute, or not distinct, the margin is termed 
serruiatus, 41. 
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Crenated (crenatus}, 42, implies that the in- 
deotations of the margin are blunt and rounded, 
'and do not incline to either extremity of the leaf. 
The crenatures themselves j. may be crenated, in 
•wliich case the margin is termed doubly crenated 
( duplicato-crenatus ); or they naay be of a doubt- 
ful form, being neither completely ronnded nor 
yet pointed, in which case it is termed demtaio- 
cremtus, 43 ; and crenulated (crenulatus), 44 , if 
they are very shallow and, at the same time perfect. 

When the marginal denticulations, whatever 
form they assume, are terminated with sharp, rigid 
spines, the margin is termed spinous (spinosm), 
45 ; and as a comparative term, a leaf is said to 
be unarmed (inet'tne), when if occurs in a species 
or a variety belonging to a tribe of plants, which 
has for the most part spinous-leaved species. 



*** Bordered. 

When the substance of the margin of a leaf 
differs from that of the expansion, the leaf is con- 
sidered as bordered; and according to the charac- 
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ter of the .border, the margin receives different ap- 
pellations. Thus it is termed cartilaginous (carti-^ 
lagineus), when it is firmer than the disk and 
somewhat elastic. T^is cartilage is generally 
whitish, yellowish, pinkisl^, or s^e other colour, 
hut is seldom grjeen. . U is ternied, horny (cor- 
iteusj, when it resembles the cartilaginous, but is 
’harder and less elastic: ciliated (ciliatmj, 46, 
when beset with soft parallel hairs, not closely, set 
together ; but if the bairg be stiff ai\d like bristles, 
it is then said to be aculeato-ciliatm. (See fi^ 1 . 
Plate 4). 

If the margin be studded witi) small granular, 
either opaque or semitransparent bodies, .exuding 
some kind of fluid, it is termed glandular (glan- 
didoms) ; but, if these glands be supported on 
hairs, glanduloso-ciliatm, 48 . 

**** Rolled. 

When the margin is rolled backwards,- or upon 
the under surface of the leaf, it is said to’ be re- 
volute (revolutm),.4g; when forwards, involute (in- 
■volutiis). In some instances the margin, compre- 
hending a portion of the disk of the leaf, is so much 
more expanded than the rest, of the disk, that it 
assumes a MTived character, or is unduhited (m/j- 
dulatus), 50 ; and when it is still more expanded, 
so that the margin is variously curled and twisted, 
it is termed curled (crispusj. These appearances 
occur in leaves, which have very different kinds of 
margins in other^ respects. 
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f. The surface of a leaf comprehends both the 
upper and the under disks. In general, the upper 
disk is smoother than the'iinder disk ; for, although 
the vascular fasciculi can be traced in the form 
of white or coloured lines on the upper, yet, they 
very rarely produce those^ elevated lidges which 
mark their course on th% under disk. In treating 
of the different characters 'that distinguish the 
sur&ces of leaves, the upper disk only is alluded to< 
It is liecessary to state that the greater number of 
the following terras are equally applicable to the 
surface of the stem as to that of the le&f, when the 
contmry is not expressed. 

The surface of a leaf which exhibits no in- 
equalities is said to be flat (plana vd Icevis); if 
there be no hairs nor spinfts, it is smooth (glabra, 
nuda}; and if no fasciculi of vessels be apparent on 
it, veinless (avenia). If it be smooth and shined, 
it is termed polished (nitida);. and lucid (bicida), 
if it be so considerable as to present the appearance 
of being varnished. If the upper surface be con- 
vex and the under 'concave, the leaf is termed 
convex* (convexum); and the opposite of this 
state, concave (cmcamtm). Both these states are 
the consequence of a tightness of the margin. 
When an oblong or a linear leaf is longitudinally 
hollowed, and a transverse section of it is a scr 
micircle, the surface is said to be channelled ^co- 
naliculataj, 52, (p. 503); but when the transveree 

K K 3 • ' • 
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section is angular, and the midrib on the under 
suc&oe resembles the keel of a boat, it is keeled 
(carmata), 53. When, in’stead of one longitudinal 
Imllon^, there are several linear depresaons, the 
sor&ce is smd to be farrowed (mkataji 54 ; and 
streaked (striata) ^ if the depresi^ns be super- 
ficial very narrow, and in parallel lines. If the 
smface be depressed in the centre, and the leaf is 
peltate, it is smd to be navel-like (umhilicata), 
55: but if it rises and sinks alternately, in straight 
angular fiirrows, like the folds of a fan, it is termed 
folded (plicUta) ; and waved (undulata) if in un- 
dulations commencing from the midrib. When 
the inequalities proceed from the portions of tlie 
expansion between’ the network of the vascular 
fasciculi being fuller titan is requisite to fill the 
vacant spaces of the meshes, and rising upwards, 
the Mirfiice is wrinkled (rugosa), 56; and blis- 
tered (btiUata), when these elevations are still 
more considerable; but when, on the contrary, the 
fulness between the vascular fasciculi produces de- 
pressions, the surface is stud’ to be pitted flacu- 
nosa vel favosa ).^ 

When a leaf is covered with stnall hmtl tuber- 
cles, which are more easily* distinguished by the 
finger than the eye, the surface is said to be sca- 
brous (scahra) : it is rough (aspera) when these 
are more visible; warty (verrucosa), 57, when 
they are still larger and more solid ; and pustular. 
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or vesicular (papillosa),^'whe'a they are evidently 
elevations of the cuticle filled with aqueous fluid, as 
in the Ice plant, Mesenibryantheinumcr^«#a/^n»nt. 
If the surface of a leaf bd studded with short her- 
baceous spines, it is termed lUuricatol (miH- 
caia); when these haive stiff points, it is'piickly 
(echinata) ; and aculeated (acukata), whe% in- 
stead of being herbaceous, the spines are hard 
and pungent. The surface is termed hispid (his- 
pida)^ whfen it is beset with short stiff hairs ; when 
these are longer, and consequently less rigid, it is 
hirsute (hirsuta); bristly (setosa), 5Q, if they stand 



singly and resemble bristles; strigose (strigosajyif 
they are firm, and stand v^n ^all prominences, 
or papillae* ** : and bearded (harhata), when they 
are rather long and crowded together. Soft hairs 
are generally termi^ pubescence, and >the surface 
* of the leaf receives various appellation^ from the 

* Strigae arcent setis rigidis animalcula et linguas. . Cac* 

** ius, Malpighia, Hibiscus^ Rubusy 'Phil, Bot, § 163. 
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charactei* of this description of cm&tmg. Thus it is 
hairy (pUosa), when the hairs are soft, distinct, 
simewhat long, and bent ; shaggy or velvety (vil- 
losaX v^hen they<are soft, nearly erect, and paral- 
lel; silky /Aericea^, when they are soft, and lie 
thick and flat on th» surface, givii^ it a satin-like 
lustre; downy (tomentosa*), when they are very 
soft and matted together, so that the individual 
hairs are not distinguishable; woolly (Umeda-f), 6o, 
(page 503), when they are also matted together, but 
yet individually distinguishable ; tufted (floccom ), 
when they are soft and matted, and can be easily 
detached in small tufts; and starred (steUata,)t 
when the hairs or the spines are radiated like 
stars. In some instances the stellated appearance 
proceeds from pedicillated tufts; which under 
the microscope appear like branched shrubs de- 
void of foliage. It is necessary to remark that 
difierences of age, climate, soil, dryness aud hu- 
midity, alter very considerably the pubescence c»f 
plants ; some which are tomentose when young, 
become hispid, or smooth, when old; others which 
are naturally hairy, become quite smooth when cul- 
tivated ; and bthers, which in their native climate 
are smooth, become hairy when removed. Sir J. 
E. Smitl^' nevertheless, in; opposition to the 

* Tomentum servat plantas a ventis ; gaudet sspius co- 
“ lore incano.** PhiL Bot. § 16S. , 

t Lan(f servat plailtas ab aestu nimio/* Phil. Bot § 163. 
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maxim of Linnaeus, ** pubescentia Indicra est dif- 
“ ferantia, cum cultura saepius dqionantur 
remarks that “the direction of the hairs or 
f‘ bristles proves a very sure means of distingidsh' 
“ ing species, especially in the g^htis the 

“ hairs about whose calyx and dower-stalk point 
“ differently in different species; and," he adds, 
“ I have found it the only infallible distinction 
“ between one Mint and another -f-.” 

The surfece of a leaf may be furnished with 
visible glands. When these are elevated, or on 
pedicils, the surface is said to be glandular (glan- 
dutosa); but, when they are not raised, they ap- 
pear like punctures, which either penetrate the 
substance of the leaf, or are merely superficial and 
visible on one disk only. In either case the suiface 
is said to be dotted (punctata X 68, (pnge 503). Any 
glandular exudation, if Oonsiderable on a surface, 
g^ves a character and denominaticm to it: thus, if 
it be moist and ienacious) the surface is termed 
^cid ( viscida vel.gliitinosa ^ ; it is hoary (pruinata 
vel incana ), if the secretion be a dry, very fine, 
waxy powder of a bluish colour, devoid of gloss, 
and easily wiped 61f; and mealy if it 

resemble a mealy powder. 

The majority of leaves- is grem ; and, as Has 
been already mentioned, this colour is of a deeper 


* PIS. Bat. 5 272. 


f Introd. p. 228. 
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tmie on the upper than on the under disk: 
butthe ffxm colour:, from its being nearly uni- 
VfQrsal, is not noticed in the description of a leaf, 
^ui^t as 4T^;ards its depth or tone; thence, the 
c<»nparatiTe terms (sordidttsj ; intense ( in- 
iensus}{ full (sadwratus) ; pale (pallidus); and 
diluted ( dilutus ). The colour is denouiinated, olive 
( oUmceus) when it is green with a shade of brown ; 
and sea-green (gUmeus), when it appears bluish, 
or as if formed from a mixture of blue and gi-een. 
When other colours mingle with the green, iImj 
leaf is tenued coloured ( cdhratum ) ; and the 
differences of the colouring receive a determinate 
designation: thus^ when the coloured portions 
afford the semblance of decay or disease, the leaf 
is tmmed variegated (variegatum) ; spotted or 
maculated when the colour is dark 

and in ^tsor blotched; and zoned (zonatum), 
when the oolours are displayed in one or more 
cunri|d lines. The term discolor is employed lo 
denote that a leaf displays one colour on one sir- 
face, and another on the opposite surface, as in 
purple-leayed Sjnderwort, Tradescantia discolor, 
two>o)lonred Begonia, Begonia Evansiana, &c. 

The, vessels of every le^ enter it by the 
petiole, or by the point of attachment, in fasciculi ; 
which afterwmds , separate, and are spread in 
various ways through the substance of the leaf. 
These, when visible, form lines, which are very 
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prominent on the back or under surface of the 
leaf, and haVe been very ijnproperly denominated 
nerves and veins-, for nothing has yd; been dis* 
covered in vegetables bearing stoy analogy to 
nerves; and as the fascknii cbntaln both «onr 
ducting and returning vessels, they may be 
termed arteries with as much propriety as veins. 
But the terms, notwithstanding, their absurdity, 
being in general use, require to be explained. 
The larger fasciculi are denominated nervi and 
costae, and the smaller venae, in whatever man- 
ner they are disposed thi’oughout the leaf; but 
the terms nervosum, costatnm, and venosum, imply 
distinct dispositions of the fasciculi. 

A lealF is said to be nerved (nervosum) when 
’ the larger fasciculi run, in simple, slightly curved 
lines, from the base to the apex ; and the leaf is 
named according to their number, among which 
the midrib is reckoned as one. Thus three-nerved 
( trinervis), f) j , (page 509), means that the leaf has 
one longitudinal fasciculus of vessels on each side 
of the midrib, taking its ori^n from the base; and 
five-nerved ( quinquenerms), that it has two lon- 
gitudinal fasciculi on each side of the midrib, un- 
der the same* circumstances. It is swen-nerved 
(septemnervis), 02, when there aitf three lasdculi 
on each side; nine-nerved (nov^nervkj, when 
there are four; and many-fterved (multinervis), 
when the number on each side exceeds four. The 
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nei'vatioQ is in some instances nolregular ; but one 
laiiie fasciculus is givea off on each 'side of the 
i^yirib, at the veiy base of the expansion, dividing 
aait‘ aiibdmding as it proceeds, as in the annual 
Skmflower, Helianthns antatusi in which case the 
leaf is smdto be basi-itinerve, 63. The same leaf 
is also an example of the term venoso-nen^nm, 
which is used by some authors to imply that the 
nerves pass into veins. If the lateral longitudinal 
&scicuii do not spring -directly from the base, but 
so far above it, that part of the expansion of the 
leaf is below them, as in the leaf of the Cinnamon 
tree, Lcmrus Cinnamomunif 64, the terms em- 
ployed are tripHnerve, quintuplinerve^ multipli- 
nerte. In one example of the multiplinerved leaf, 
Hydrogetonye«efffro&5*, 65, the longitudinal fas- ' 
ciculi are united by transverse bands, forming 
square mashes, which are perfectly • void, like 
wire*work, ^ving that character which Botanists 
ha vej termed fenestrated, ovKfpea (fenestratum). 
But v^hen the Icmgitudinal fasciculi, forming ex- 
current nerves, are united by transverse fasciculi, 
ImWever elevated or strragly marked these may 
be, if the intermediate spaces Ke filled with the 
expansion, as in 66, the leaf received no particular 
appellation^ t 

Ribbed (costahm)^ is sometimes employed as 

* This riagolar plant n an a native of Madagascar. 
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the synonirae of riferved, and is certainly the more 
proper term of the two; but it is, ^o, specifically 
used to imply that the veins proceed from the nai 4 - 
rib,in lines nearly strmght towards tte ' inar^n^ 
and parallel to each other. In some instances the 
costae are close together and scarcely elevated, as 
in the Banana, Musa sapientium; but in others 
they approach to the character of nerves, except 
that the angle they form with the midrib is less 
acute, 67, and they do not appear to be split 
from the midrib as in the multipUnerved leaf. 



510 


CONSERVATIVE ORGANS. [lECT. IX. 

Veined (venosum), expressed merely that the 
£^cucali of vessels are so elevated or marked in 
branching and sub-branching, as to form a 
khffijfi hf network over one or both surfaces of ^the 
leaf. When* the sui'fece is altogetb^ free from 
any appearances of the vascular fasciculi, the 
leai'es are said to be nerveless, or veinless ( en^yia, 
avenia J, 70. 

In speaking of the substance of a leaf, os far 
as that can be determined from its external cha- 
racters, we refer to the expansion only ; for, al- 
though the substance of the petiole is often the 
same as the expansion, yet this state is neither con- 
staut nor essential. All leaves may be regarded as 
herbaceous i hvX ti|^;^rm is occasionally employed 
in a determinate ^iotse to denote a soft, green, 
pUable lepf, the vascular fasciculi of which 
are as succulent, and scarcely firmer than the 
rest cl the leaf; as exemplified in Spinage, Spi- 
nacm oleracea, the different species of Goose-foot, 
Chenopodeum, &c. A leaf is termed membra- 
nous fmem&ranacezonj,* when it is thin and pliable, 
the quantity of parenchyihatous matter being so 
small that the. cuticle of the* one surface appears 
almost closely applied to the other ; as in Broad- 
leaved Birthwort, Aristoldchia sipho; Scented 
Bramble, Rubus odoratus ; and most trees and 
shrubs: but this term does not imply that uni- 
formity of substance which the appellation herba- 
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ceous denotes.' The terms scariose ( scariosum), and 
chartaceous (chartaceum, papyraceum), are given 
to varieties of the membranous leaf; the first im- 
pl3dng that it is dry, or apparently sapless, ahd 
somewhat translucent ; ' the second, that it re- 
sembles paper, as in Draco terminalis. Leathery 
fconuceam^ implies that the leaf is thick, tough, 
and elastic; as in the Mistletoe, Viscum album, 
Changeable Hydrangea, Hydrangea hortensis. See. ; 
and rigid (rigidumj, th&tit is hard, with little elas- 
ticity, as in Butcher’s broom, RiilScus acukatm, 
Scotch fir, Pinus sylvestris, See. Fleshy (qimosumj 
denotes that the leaf is thick, and consists chiefly 
of a juicy but firm cellular ‘parenchyma, as in 
Houseleek, Sempervivum fecie^^im; and succulent 
(succulentum), that the pulp is laxer and more 
juicy, as in Mesembryanthemum echindfum, Sec. 
Mirbel says the consistence of the fleshy leaf is 
that of the Apple; of the succulent that of the 
Plum*. 

As all the characteristics of leaves, which I 
have yet described, relate to the expansion, they 
• are consequently peculiar to simple leaves only, or 
to the individual leaflets of compound leave?. Be- 
fore detailing those common to both descriptions 
of leaves, it is requisite to understand the pecu- 


* EUmens de Phys. vig. iii. p. 64i2. 
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liarities connected with the petible or footstalk ; 
as.natumlly arising out of these, the circum- 
s . which constitute the compound leaf, with 
cies and varieties. Tfae.de8cnption of these, 
therefore, shall form part of the subject of our next 
Lecture. 

Before closing this Lecture, howtever, Ftnay 
remark that, although the study of the terms 
which denote the peculiarities ^ of formation in 
the vegetable body, be apparently the least amus- 
ing part of our subject, yet, it is not altogether 
devoid oj interest, from the great variety which 
Nature displays in this part of the creation; 


and:*! caa assure "%ose who may think it tedi- 
ous, that the readiqieite with which it enables us to 
describe plants in proper Botanical language, 
and to understand the descriptions of othei’s, fully 
repays the labour of the ac{]^uirement. Like leani- 
ing ^4^guage of any kind, its utility becomes 
evidejl^'^^y its acquisition; but then the 
Stores iil^^owl^ge to which it serves as the key. 


are opened with a fecility which is not less gratify- 
ing, than their magnitude .and richness are asto- 
nishing and their possession delightful. 


3 
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LECTURE X. # 

OF THB PETIOLE. COMPOUND LEAVES. THE SITUA- 
TION, POSITION, INSERTION, DIRECTION, MAGNI- 
. TUDE, AND EXTENSION OP LEAVES. ANATOMY OP 
THE LEAP. 

The FOOTSTALK (petiolus) in every instance in 
which it is present, constitutes a part of the leaf. 
It is simple, in some instances, consisting of one 
piece only, as in all simple le^pea; or it is OEm- 
pound (compositus) , considt||^;^.ef^.;< one common 
stalk divided into several distAiu^, piaits. The com- 
mon petiole is generally termed primary (pri- 
viarius) ; the immediate di^^i^ns of this se- 
condary (s^ndarii); the divisions of these., ter- 
nary (temarii}, and those which 8i?pporJt th<»i|eaf- 
lets partial (partiales seu propr^^f^, 't'hii^eUoIe 
further differs in form, in the,.nature of its ’ap- 
pendages, its mode of insertion into the leaf, and 
its articulations. 

In I’cspect of fomn, some of the' terms em- 
ployed in the description of the stem are applicable 
to the petiole. Thus it is said to be round (teres) ; 
half-round ('A’ewuVere^),' compressed (compressm), 
&c. according to the figure of its transverse section. 
The compressed petiole occasionally assumes the 
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« ; and functions of a leal^n leaves whic h 
that change which is termed alienated 
itum); that is, when the compound l(;pves 
are the first leqkves of the plants and nji- 
tural to the tribe, afterwards give fjace to 
simple leaves, which are merely dilated petioles ; 
as exemplified in several of the Mimosas from 
Botany Bay. De Candolle has named these in- 
termediate forms phyllodia. The transition might 
be supposed to depend on the energy of the 
plant diminishing with its growth; for, when a 
plant of this kind is tojpped, the new leaves which 
arejpnt forth duip^y the same characters as the 
oripnal folia|||l^ that this is not the case is 

evident^ froi»^|M,jfe^sition occurring constantly 
in New the genus has every op- 

portunity of folldwpg its n'atural habits. The ma- 
jority of petioles are slightly furrowed on the up- 
per side; but, when this is deep, it is%drtlculaily 
deiidh^% t^K^rm channelled ( canaliculatus ), 
and wnen mhOn dilated the petiole is said to be 
concave (concavus). In the last-mentioned in- 
stance it sometimes partially embraces the stem 

* # * 

* I saw an illustration of this fact yesterday (25th September 

1821), in the garden of Comtesse de Vandes, near Bayewater. 
An old plant of Acacia falcala, on which no pinnated leaves 
had been seen for several years, had been cut down and had 
put forth pinnated leaves, resembling in every respect, except 
in size, the first leaves of the plant. The second scries of shoots, 
however, displayed fplcated leaves only without any pinnae. 
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( amplexans), 7 f^ or wraps completely around it, 

and then is termed sheathing as ia,^ 

Grasses. In some cases the petiole is indated^^ 
Jiatm)y and the plants ia which this occurs nwg 
aquatic^ it serves to float the leaf, as in Trapa 
natans, 73, &c. 

The appendages of the petiole are not nume- 
rous. A footstalk is said to be winged (alatm), 
when it has on each side of it a portion of the 
expansion, isolated from the rest, as in the Orange 
tribe. Citrus, 1A. But there are leafy appen- 
dages of a distinct character, denominated sti- 
pules, which are yet to be deimbed, in in^l^in- 
stances attached to the in the Itose 

tribe, Rosa, 75, in which*'iaiB 6 ';;tlie petiole is 
termed stipuliferous (stipviX^ink). It is tenned 
glanduliferus, 76 , when one "br more glands ai;e 



seated on it, as in the genus Passiflora ; in the 
Castor-oil plant, Ricinus communis, &c.: and 
Jlorifertis when it bears the flower, as in Elm- 
leaved Turnera, Turnera ulmifolla. 

In respect to insertion, in the, majority of in- 
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Stances the petiole and the exfi^sion are in the 
plane; the insertion of the footstalk being at 
tfflUjl^rtion of the margin of the expansion, which 
is%|pcrded as the base , of the leaf ; but in some 
instances it is in the centre of the disk, and then 
the leaf is termed shieldlike (peliatum ff. The 
consideration of terms denoting th# other inser- 
tions of the petiole is deferred until we examine 
the various insertions of the leaf, of which the 
footstalk is merely a part. 

The term articulation, as applied to the petiole, 
is intended to denote that it consists of more than 
one ^ece, thepien^ being generally united by a 
smiip: interm^a^^H^rtion, thicker and more 
spongy than the it unites, commonly of a 
different colour and.capable of motion. The pe- 
tiole of the simple l^f is rarely, although some- 
times, articulated, ^ in Citrus auran/u^, 74, a. ; 
and, a%>, in the, majority of Grasses^ a^ tliat point 
the real leaf from its sheathing 
imh is generally marked on the 
inner side by a small membranous appendage, 
which the elder Botanists termed and mem- 
hrana foliorum, but which is now properly con- 
sidered a stipule. Articidation is very common 
in compound leaves. It occurs generally at the 
attachment of the partial to the common pe- 
tiole, in such leaves as fold together their leaflets 
during the night; but, in some instances, there is 
an articulation,, also, near the point where the 



petiole^ and 
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primary petiole ^rings from the bmnch, particu- 
larly in those plaints which have irritable leaves, a» 
Mimosa semitiva, &c. At these secondary as^i 
eolations t^e leaflets separate, and fall in a ii]|gj^^ 
sometimes before the conibion petiole falls, 
ticularty^ when it is not articulated near its in- 
sertion. The term inarticulatm is employed com- 
paratively, when leaves belonging to a tribe of 
plants, in which articulation is common, are de- 
ficient in this peculiarity. 

The composition of the petiole necessarily im- 
plies that of the leaf ; but a compound leaf docs 
not necessarily imply the existence of eith ej^ e- 
condary, ternary, or parti^jpi^iiol^. The 1^a- 
i*ouND leaf may be. thus de&w^a leaf which 
consists of seveal distinct expadri^oE ^or leaflets, 
connected by articulations either directly or in- 
directly, and a common footstalk. This defini- 
tion differs #om that of the majority of Botanical 
writers, in regarding the connexion of thpll?lsaflets 
by articulations as the chief charaSteristic of the 
compound leaf * ; but 1 cannot consider any leaf 

Mr. Keith seems to be fully aware of this characteristic of 
compound leaves (see SysU of Phys, BoU vol. i. p. 54) ; and 
BulHard thus defines the compound leaf : “ La feuille compos6e 
a une ou plusieurs folioles attach^es au petiole common par 
une articulation, au moyen delaquelle chacune d^elles peut se 
** mouvoir dans certaines circonstances, et ^tre detachee sans 
** 16sidn, soil spontancment, soit artificiellement.’* Diet. 
ment, de BotaniquCf p. 59. 
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as compounded, or consisting of distinct parts, in 
which the . divisions of the expansion, however 
ni^litodinous they may be, are still parts of the 
expansion, inasmuch as they are con- 
ne^d by the direct and immediate prolongations 
of the same petiole. That the leaflets in a true 
compound leaf are distinct organs, is confirmed 
by the articulations being conspicuous by anato- 
my, and by the natural habits of the leaf. The 
articulations in many leaves are rendered conspi- 
cuous by a cartilaginous structure ; and in others 
by a swelling of the partial petiole, at its point of 
union with the common footstalk, which almost 
imH^ses the |de{!^<hf an artificial attachment : in 
soihe instances, lib^ver, this is so obscure, that 
it is by di^ectidii di^y that the fact can be deter- 
mined. In a longitudinal section of the petiole of a 
simple leaf and its ramifications, the vascular 
bundles distributed to the latter appear merely 
slips &oin those of the common petiole ; but in a 
compoiuad leaf we find a peculiar vascular arrange- 
ment, closely resembling that which occurs in the 
knotted culm and other articulated stems (see 
p. 312 ), marking the place where the vessels of 
the common petiole apparently terminate, and 
those of the leaflets commence ; thus demonstrat- 
ing the individuality of the leaflet. At this point, 
also, as has been already stated, the leaflets spon- 
taneously detach themselves from the common 
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footstalk in autumn, in the same manner as the 
leaf detaches itself from the tree. Every ex- 
pansion, therefore, in a compound leaf, is an in- 
dividual leaf; and it assumes different forms, dft 
different plaig;s, in the same manner as the 
leaf. All compound leaves may be arranged ander 
the three following divisions : simply, compound 
( composita ) ; doubly compound ( decomposifa ) ; 
more than doubly compound (sujrradecomposHa ). 

1. The simphf vompimnd leaf consists of a 
common petiole only, supporting two or more 
leaflets. 

When the leaflets are sessile, attached to the 
apex of the petiole, and three in numbei:^^he 
leaf is termed trifoliate or tei^te (trifolioS0^j 
ternatum), a2; as in the gemis Cjbver, Trifolium, 
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&c. It is quadrinate ( quadrinatum ), when there 
are four leaflets, as in Marsilea qmdrifolia, 83 , 
and some of the Hedysarums: quinate ( quinatum), 
there are five, as in iEsculus Pavia, 84 ; 
dS^late or fingered ( digitatum ), 85 | when there 
* are seven, as in several of the Potentillas ; and 
multvfoliolatum when the number exceeds seven; 
or umbellatum, 86, when being numerous they 
are so arranged as to form the figure of a parasol, 
as exemplified in many of the Lupine tribe. 

When the leaflets, instead of being supported 
on the very apex of the petiole, are attaehed on 
its sides, the leaf is termed yoked and pinnate. It 
is |g|med simply yoked (conjugatum), when one 
pti^bnly of opp^te leaflets is supported on a 
common fdotstalt^, as in the genus ^gophyllum, 
87, {p.521), which is named from this character of 
the leaves : and hyugum, when there are two pairs. 
But the terms bijugum, trijugum, qmdrijugum, 
quinquejugum, and multijugum, are not employed, 
except to denote the particular number of opposite 
leafletii on a common footstalk, when such an 
enumeration is requisite for establishing specific 
characters; otherwise all compound leaves having 
more than one pair of opposite leaflets attached 
along the side of a common petiole, are, usually, 
regarded as pinnate (pinnata). The individual 
leaflets are termed pinnae; and according to the 
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arrangenient of these on the petiole, pinnate 
leaves receive different appellations. 



When all the Iq^flets are in pairs, and the^pm- 
inon petiole, ovrachis, is nOt t^xminated eilK* by 
a lefiflet or a tendril, the leiif ■ i# tmned abraptly 
pinnate (pari-jnnnatum, sea ahrupti-pinnatum) , 
88; but it is pinnate with a terminal or solitary 
leaflet (impari-pinnatum, pinnatum cum impari), 
when there is a single leaflet at the apex of the 
petiole, 8p, a.; and the expression, with a tendril 
(cirrosum), is added, if, instead of a leaflet, the 
termination be a tendril, as in the Vetch tribe, 
Ficia *, 90, a. If the terminal leaflet be much 


* There is no specific term to designate a leaf, which has one 
pair of leaflets only, on a common petiole which, extending 
beyond them, is terminated by a solitary leaflet, as in the Kidney 
Bean, Phaseolus vulgaris; for, although the term temate is 
usually applied to it, yet it cannot be regarded as ternate on ac- 
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larger than the other leaflets, the leaf is #iid to be 
lyrato-pinmtum ; but this is a term of very rare 
applicatlo^^in compound leaves ; those so deno- 
impil^d being, for the most part, truly simple 
lyrate leaves, altogether devoid of articulations, 
or that modification of vessels at the union of the 
lateral divisions, which is the requisite characr 
teristic of the leaflet, and consequently of the 
compound leaf. If the leaflets be in opposite 
pairs, and it be not essential to enumerate them, 
the leaf is said to be oppositely pinnate (opposite 
jnnnatum), 88 ; h. b. h. b. (page 521 ), and alternately 
pinnate ( alternatim pinnatum) , when they are<al- 
ternate, 90, b. c. It is interruptedly pinnate (infer- 
rup0^innatum), 1|^n the leaflets are alternately 
large^ and small on Ijoth sides of the petiole, 89, 
b.c.b.c.; jointedly pinnate (articulate pinnatum), 
when the' common petiole is jointed betwixt each 
pair of leaflets, .91 ; and decreasingly pinnate 
( pinnatum Jbliolis decrescentihus ), when the 
leaflets gradually diminish in size from the base to 
the ap^x of the leaf, as in Vicia sepium. In al- 
most every writer on elementary Botany, the term 
decurrently pinnate ( decurdve pinnatum ) is de- 
scribed as deuot||jg that the leaflets are decuiTent, 
or united by a foliaceous membrane, extending 

count of the lateral leaflets, this term implying that all the 
leaflets are on the apex of the petiole; I would, therefore, 
propose the term impart -conjugatum, for the above-mentioned 
form of leaf. See cut, fig. 97, page 523, which is the leaf of 
Hedysarum gyrans. 
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from one leaflet to another, down the common 
petiole ; but this is the description of the pin- 
natifid leaf; for the real decurrently piua^e is a 
modification of the jointedly pinnate, each joint 
consisting of one pair of pinnae supported on a 
wfinged petiole (see fig. 9I, page 521, a, a. a.). In 
some instances the leaflets, instead of being ar- 
ranged in the same plane on each side of the com- 
mon petiole, are placed around it; and the leaf 
is (;onsequently termed verticillato-pinnatum. 

2. The second division of compounded leaves, 
the dotihly compound, comprehends those leaves in 
which the common petiole is divided into, or sup- 
ports secondary petioles. 

When near the apex of the 'common pe^l^e, 
there is a single pair of •sec<mdaj*y petioles, each 
of w’hich supports a pair of opposite leaflets, as in 
Mimosa unguis cati, the leaf is termed twice 
])aircd (higeminatum, seu (nconjugatum) , 92; it is 
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thrice paired (tergeminatum), when tne leaf re- 
semble^ jpie twice paired in its petiolar divisions, 
^pd hati&sides a third pair of leaflets at the point 
wlu^ the secondary petioles originate, as in Mi- 
mosa tergemina, 03; but if the common foot- 
stalk suppwts three secondary petioles on its apex, 
and each of these support three leafletsj*then the 
leaf is termed doubly ternate (Bitematum, dupli- 
cato-tematum) t 9*1. 

A leaf is termed doubly pinnate (bifinnatum) , 
when the secondary petioles are arranged in pairs 
on the common petiole, and each secondary petiole 
is pinnate, or displays the characters of the simply 
pinnate leaf, 95 it is conjugated and pinnate 
(c^ugatidi-pittimum), when a common petiole 
supports a single pair of secondary^ petioles, each 
of which is pinnate, as in Mimosa /iMrywrea, 96; 
ternated and pinnate (tematum-pinnatum) , when 
the common petiole supports on its apex three pin- 
nate leaflets, as in Hoffmannsegia: and digitate d 
and pinnate (digitatum-pinnatum), when the num- 
ber of these exceed three, as in Mimosa pudica. 

The pedate leaf (folium pedatum) is general- 
ly described as a decompound leaf, composed of 
a common petiole divided at its summit into 
two diverging branches, with an intermeiiiate 
leaflet, and each branch, supporting two or 
more lateral leaflets on their anterior edge, as 
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t 

in Helleborus niger, 98; but accordiug to the 



<lcfinition of the compound leaif , which we hifre 
adopted, the pedate is merely a deeply divided 
siinplt! leaf, having a close affinity to the palmate, 
or rather, as Sir J. E. Smith observes, who never- 
theless regards it as a compound leaf, to “those 
“ simple leaves which are three-ribbed at the base.” 

3. The third division of compounded leaves, 
the more than doubly compound, comprehends 
those in u'hich the common petiole supports se- 
condary petioles, which in their turn support ter- 
naiy petioles. 

When the common petiole supports, on its 
apex, three secondary petioles, which each sup- 
ports three tern aiy petioles, and every one of these 
three leaflets, the l^f is ^rined thrice ternate 
(triternatum s. triplicato-ternatuHi), 99, (p. 526) ; 
and when along the sides of the copimon petiole. 
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♦ 

there secondary petioles* supporting teraary, 
Vhich are pinnate, it is triply pinnate (tripinna- 
tum s. tripUcato-pinnatum) , ^as in the Carrot 
genus, Daucus, &c. 100, (p. 525). Th^se arc tlic 
only species of the decompound leaf ; but the term 
is occasionally applied tp leaves which are very 
much and irregularly divided. 



There is, however, one species of the compouml 
leaf, which we have not yet examined, because it. 
cannot properly be classed in any of the foregoing 
divisions. It is sometimes termed vertebrated ( ver- 
tebratum), and sometimes, jointed (articulatum). 
It consists of several leaflc^^ which appear to 
grow out of e^ch 6ther, or are attached one 
upoa the summit of anotlier, with an evident 
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joint at dhe point of attachment, as m prickly- 
leaved Fagara, Fagara frog'offes*, 100. 'f- 



In the majoi'ity of plants the form of the 
leaf, whatever that may be, is the same over 
the whole of the plant; but there are exceptions 
to this rule ; and when the diversity in the form 
of the leaves is constant, the term heterophyl- 
lus is occasionally adopted as the specific name 
of the plant. Thus various-leaved Spurge, Eu- 
phorbia heterophylla, is named from having the 
lower leaves short, wedge-shaped, emarginate 
and mucronate, while the upper are long linear- 
lanceolate, acute, and entire, loi. Heterophyllous 
plants, however, must not be confounded with 

* Mirbel (Eleni. de Phys. veg, 2de Partic, p. 655) quotes 
the leaf of spike-flowered Cussonia, a curious Cape plant, as an 
example of the vertebrated .Ieaf; but this Cussonia presents an 
instance only of a digitated leaf, with articulated, winged, se- 
condary petioles. 


528 


CONSERVATIVE ORGANS. [lECT. X. 

those w]||ch have alienated leaves, astexempli- 
llbd in Mimosa verticillata (see 1 02, p. 527 ; a. the 
forth of the earlier leaves, h. th^se which succeed 
them) ; for, in these, the leaves, which are alien- 
ated or different from those which firat ^peared 
on the plant, and from those peculiar to the 
genus, are ultimately the only leaves of the plant. 

Besides those characteristics of leaves which 
have been described, there are others common both 
to simple and to compound leaves, whatever may 
be their form and structure. These refer to the 
situation of the leaves ; to their disposition on the 
stem and branches ; to the mode of their attach- 
ment or insertioh ; and to the direction of their 
surfaces with respect to the stem and the branches 
as well as to the plane of the hoiizon. 

In point of situation the majority of leaves 
may be regarded as aerial; being suspended on 
the stem or the branches. In such a manner that 
the air is applied to both surfaces of every leaf. 
The position of such leaves in relation to the hori- 
zon, is determinate, or always the same in the 
same description of plants, but varies in different 
kinds of plants,; and this constitutes, in Botanical 
language, their direction: in ascertaining which, 
the plant must bei|n a healthy state, for an un- 
healthy state of the plant aad the natural decay 
of the leaf in autumn, alter the ordinary direction 
of this organ. ^ The following are the determinate 
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directions of leaves which are 
employed in formii^ the spe- 
cific characters of {nymts. 

When the direction «f a 
leaf is nearly pei-pendicular, it 
is said to be erect (erecta)*; 
in which case it forms an acute 
angle with the stem (see the 
diagram, a. a.) : but if the angle 
be so acute that the upper 
disk of the leaf is closely pressed 
to the surface of the stem or 
the branch, it is then termed 
adpressa, J^hen the ang|e is 
moderately iujute only, or about 
foi'ty-five degrees (i.), and the 
surface of tlie leaf, consequently, approaches the 
line of the horizon, the direction is termed spread- 
ing (patens seu patula); and horizontal (hori- 
zontalh seu paientissima) , when ’ it spreads, still 
more, approximating to a right angle wi^tl^^the 
stern or the branch when these are erect (c.)’, or 
to ninety degrees in relation to the horizon. When 
the leaf is spreading with a drooping apex (rf.), the 
direction is termed nodding or inclined (cernuasttn 
inclinata): it is reflex ( reflexa seu recurva), when 

* The term vertical h also employed by some writers^ but 
it is superfluous, the positiou of the most vertical leaf being 
sufficiently described by the word erect. 
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the leaf forms a curve, the convexity of which 
(e.) is i^pvards; inflex (incurva sen injlexa), 
wihen the convexity is downwards (/.) ; and 
pendulous ( dependens, pendula, sen demissa ), 
when the whole leaf droops (g. g.). When the 
leaf is so twisted that one part of it is vertical 
and another horizontal, it is termed twisted 
(obliquum, deviatum), as exemplified in oblique- 
leaved Garlic, Allium obliquum; and reversed 
(rempinatum) , when the* surface which is com- 
monly undermost is found uppermost, as in 
spotted-flowered Alstraemeria, Alstriemeria pele- 
grina. If jfll the leaves lean or point to the 
same side, as ii|)-^Polygonatum multifiora (see 
fig. c. p. 246), the direction is termed unilateral 
(secunda seu unUateralis) . Some leaves, instead 
of being suspended in the air, lie on the surface of 
the ground, as for instance in several species of 
the genus Hantago, and the common Daisy, 
Beilis p^ermis; in which case the direction Is 
terfii^ procumbent (procumbens seu humifusa). 

In aquatic plants, the direction of the leaves is 
determined by their relation to the surface of the 
water. When the leaf is raised upon its pe- 
tiole, above that surface, and is, therefore, an 
aerial leaf although growing in water, it is said 
to be emerging (emersa)^ ps exemplified in the 
greater Water Plantain, Alltoa Plantago: if 
it lie on the surface of the Vater, and the up- 
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per disk of it only be exposed to the light and 
air, it is termed floating ( natam), ^s in the 
White Water Lily, Nymphsea a/Aa, floating Win- 
ter Plantain, Alisma natans, &c. : and when it it 
surrounded on every side by the water, as the 
majority of leaves are by the air, its direction it 
denoted by the term sunk or immersed (submersa 
imniey'sa, demej'sa), as in perfoliate Pond-weed 
Potaniogeton perfoliaium. Some aquatics te-lr. 
leaves which are immersed and also leaves whicl 
float, as, for instance, Various-leaved Crow-foot 
Ranunculus aquatUis, the beautiful white flow 
ers of which decorate our ponds in the spring 
and summer months: othets, as vertidllat: 
Water-milfoil, have both immersed and emerging 
leaves. In these and simili^r plants, it is curiou; 
to remark the manner in which the form of thi 
leaf is modified by the medium in which i 
is naturally placed: the leaves, fet instance, o 
Ranunculus aquatilis, which grow upd^ thf 
water, are divided into capillary segments ‘Vo. o 
fig. 1, page 5^2), while those which float on th: 
surface are merely lobed and notched (h.). It 
plants even which are not hquatics, but which ma; 
happen to be planted in water, we perceive the me 
tamorphose from the flat to the capillary leave 
taking place in the fresh shoots before they gai 
the surface of the 'vrater, after which they assum 

mm2 




dry land; h. b. fig. 3, display the change which 
takes place when it grows under water. 

R^gar€ing the situation of leaves in relation to 
the p&rt of the plant on which they are seated, 
they may be referred to the root, the stem, and 
the branches, or they are radical, caulinar, and 
rameal. A radical leaf (folium radicale) is seated 
upon or springs directly from the root,, as exem- 
plified in the Primrose, Primula vulgaris, the 
Dandelion, Leontodon tarmat^i^, &c. ; but ra- 

' -ft , 

dical leaves must not be confotih'ded with seminal 


leaves, which are the first leaves of the majority 


LECT. X.] SITUATION OP LEAVES. 53 

of plants proceeding from seeds that have ipor 
than one seed- lobe. The seminal leaf (f. semi 
nale) is, in fact, a transformation of a seed-teb 
to a leajt’ of a very temporary duration/ and wine 
perforins the functions of a leaf until the rer 
leaves appear, after which it drops off. 

Although it may be anticipating the remark 
we have afterwards to make on the nature an 
functions of the cotyledon, yet it is projier to stat 
here, that the cotyledon is a nutritive organ, con 
tainiug in its cells a large portion of farinaceou 
matter, which becomes saccharine during th 
germination of the seed, and is admirably adaptei 
for the nourishment of the lembryon plant, t* 
those seeds, the cotyledons which rise abov 
the ground when they vegetate, as, for instanci 
the Lupine, the cotyledons acquire a green colon 
as soon as they are exposed to the light; and ther 
besides continuing to supply nutriment to th 
young plant, the root of which is still iqf^apctble t 
taking up any thing from the soil, perform 01 th 
functions of the real leaf. If the seminal leave 
be destroyed before the other leaves appear, th 
plant dies ; and, therefore, as the saccharine qur 
lities of the seminal or cotyledon leaves in th 
Turnip attract a species of small beetle, whic 
does not attack the pfpper leaves of the plant, who 
crops of this usefill vegetable are often destroye* 
Fanners, indeed, dp not consider the crop of tu 

mm3 , . 
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nips safe until the second leaf appears, or, iii' the 
language of agriculture, until the plants come into 
ro>Agh leaf. 

The seminal leaves, in almost every instance, 
are readily distinguished by their form, which' al- 
ways varies more or less from that of the proper 
leaves; thus, in fig. 4 (page 532), a. shows the co- 
tyledons changed into seminal leaves, b. bl are 
the first proper leaves of the plant. A stem leaf 
(f. caulinare), as the tei*m implies; grows upon 
the stem, and is attached to it either mediately, 
or immediately by means of a petiole. A branch 
leaf (f. rameum) is described as such only 
when it differs from the leaves on the main stem 
of tfie same plant, in which case it is requisite to 
distinguish it from them ; as exemplified in purple 
Cow-wheat, Melampyrum arveme. When stem 
or branch leaves are seated on joints, they are 
designated by the term articular (articulares). 





Fig. 5 ; and when situated close to or between the 
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flowers, they arc termed floral 0'olla fluralia) 

Fij-. 6. 

Elementary writers usually distinguish tbes< 
floral leaves, which are green and re|pmble th( 
other leaves of the plant, from those which are o 
a diflereut shape and colour, giving to the latte 
tlie name of bractes (bractecej, and place then 
among those organs which I have yet to ilescriln 
under the term appendages. Both varieties, how 
t'ver, are real leaves, having the same anatomica 
structure, and differing in shape not more from on- 
another, and from the other leaves of the plant 
than these last differ among themselves. Tha 
colour is a bad cause of distinction is evident, fo 
many plants have all their leaves colouicdf aht 
in purple-topped Clary, S^via Horminum, am 
many other plants, the transition from commot 
leaves to green floral leaves (a. a. a. a. fig. 6), an< 
from these to coloured {b. h. h. fig. 6), is so gra 
dual as clearly to display their close affinity ; am 
to prove that all the three kinds are merely modifi 
cations of the same organ. The early Honeysuckle 
Lonicera Caprifolium; Green Hellebore, Hellc 
borus viridis; and several of the Orchis tribe, ai 
ford examples of green floral leaves: the Laven 
ders, Lavandulce; i^rested Cow-wheat, Melampy 
rum cristatum ; Pw||^e bracted Monarda, Monai 
da media, &c. disply specimens of those th{ 
are coloured ; and several of the . Sages, Salvit 

M M 4 



536 CONSERVATIVE ORGANS. [lECT. X. 

exhibit both kinds. The floral leaves form a 
tuft above the flowers in the Crown Imperial, 
Fritillaria Imperialis; above those of the Pine 
Apple, Bnomelia Ananas, and of several o|her 
plants; and under the flowers of Anemone, tbej?, re- 
semble and have received the name of an involucre 
(involuermn). All these, and such-like, are there- 
fore true leaves; but as some are more inti- 
mately connected with the flower, and in con- 
fomiity with the custom of other elementary wri- 
ters, I shall revert to the consideration of these 
as bractes, when we examine the floral ap- 
pendages *. 

Leaves, besides differing in situation, are also 
varidusly distributed on the stem and branches. 



* Linnsus remarks, that no braptes have been observed in 
any plant belonging to the class Tetittdynamia. 
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position is termed opposite (opposita jj(6.) when 
they appear directly on opposite sides of the stem, 
in pairs; and when these alternately cross each 
other they are said to be decussated^fefecMwa- 
taX0>). The position is ternate ( temaj, when the 
leaves stand by thre^js around the stem, on 
the same plane of the horizon ; and qnaternate 
(quaterna) when in fours; which, however, is not 
applicable when the four leaves, lying in the plane 
of the horizon, point towards four opposite di- 
rections, the term cruciate (cruciata sen cruci- 
formis)f 8, being employed to denote this posi- 
tion. When the number of leaves surrounding 
the stem or branch exceed four, and point to 
different directions, forming a starlike fi^re, 
the position is termed whorled (verticillata seu 
stellata), (§.). In the majority of instances the 
term whorled is used without any reference to the 
number of rays; but in large natural genera, as, 
for instance, Galium (Bed^straw), it is necessary 
to designate these, and for this purpose the terms 
quina, sena, octona, &c. are employed. When, in- 
stead of being in pail’s, leaves stand solitarily on the 
stem or branches, spreading in various directions, 
the position is termed alternate (alterna), (lo, 
page 538) ; and in this state they form either a 
spiral line around thf ' common axis (spiralia), as 
in the Norway spruise fir, Finns Abies or are 
irregularly scattered (liparsa); or they are two- 
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ranked (disticha), (1 1), which implies that they 
spread “ in two directions, and yet are not re- 
gularly opposite at their insertion,” as in the 



Yew, Taxus haccata, &c. When several leaves 
spring from the same point they are said to be 
tufted (fasciculata); and the numerical terms 
hina (a. b.) applied when there are two leaves, 
tema when there, are three, and quina when 
there are five, are used to denote the number of 
leaves in each fascicle. 



With respect to proxin^,?in the distribution 
of leaves, the term Crowde#fc»«/er<aJ implies that 
their points of attachment arc comparatively very 
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close; and imbricated (imbricata), (i2, and also 
fig. 1 . Plate 4), that they partly cover each other, 
like the tiles upon a house-top : but if they do not 
overlap very closely, and the leaves regidarly di- 
verge, producing a figure somewhat resembling 
that of a rose, the position is termed ro&elata (13), 
and crowning (coronantia) , when they terminate 
the stem or its divisions like a plume of feathers, as 
in the Palm tribe. Remote (remota) is employed 
solely as a term of comparison, and implies that 
the leaves are at greater distances fi*om one an- 
other than is usual in the majority of plants. 

In whatever manner leaves are disposed on 
the stem or branches, the mode in which they are 
connected with these parts is termed their in- 
sertion; and the diversities of this are taken ad- 
vantage of in forming specific characters* ; The 
majority of leaves are supported on footstalks ; 
and those thus furnished, whether the foot- 
stalk be long or short, simple or compound, 
are said to be petiolate ( folia petiolata) ; but if 
there be no footstalk, they are termed sessile 
(sessilia). There are several varieties of sessile 
leaves ; thus, if the leaves clasp the stem with 
their bases, they are termed embracing, or clasp- 
ing (amplexicaulia), (l4, page 540) ; if the em- 
bracing leaves be (^posite and united at their 
bases, they are said tb be connate (connata), ( 15 , 
page 540) ; and connatd-pf rfoliata, ( 1 6 , and fig. 6. 
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Plate 4), if the union be in the whole, or nearly 
the whole breadth of the leaves, so as to give the 
tub Ibaves the appearance of being united into but 
one leaf. Connate leaves are in some instances 
united by a membrane, which stretcliing item the 
marginf of the opposed leaves, near the base, 
forms a ldnd of pitcher around the stem (l6*) in 
which the rain-water is retained ; as exempli- 
fied in Fuller’s Teasel, Dipsacus^w/fowMm, which 
has received its generic name SApaxo?, or thirsty, 
from this circumstance. A perfoliate leaf (fo- 
lium perfoliatum), (17), is itself perforated by 
the stem. When leaves embrace the stem with 
their bases, so as to enclose it as with a sheath, 



they are termed .sheathing (18, «. 
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the stem, b. h. the sheathing leaves) ; they are 
equitant ( equitantia) , when being opposite they 
clasp .each other, as in the Iris tribe ; and de- 
current (decurrentia), when the lamellar part of 
the leaf runs down on each side of the stem. (IQ. 
in which a. a. mark the leaves, and h. b. their de- 
current portions). Some succulent leaves ap- 
pear as if they were unconnected with the steip, 
and merely resting iqion it; on which account they 
.arc termed loose (svlutaj. 



Leaves wliich produce spines in the same man- 
ner as the stem, are termed spiniferous (spini- 
J'era), (‘21, page 542): when they give birth to 
other leaves, they are said to be foliferous (fblii- 
fera), as exemplified in Duckweed, Lemna tri~ 
sulca; and floriferous (florifera), if they bear 
flowers, as, for instance, , on the petiole in Tur- 
nera Cuneiform^, ( 22 , page 542), on the upper 
disk of the leaf in Butcher-broom, Ruscus acule- 
atus, ( 23 , page 542) : and from the serratures of its 
margin, ui Xylophylla ( 24 . ]'Kigc 54^). When they 
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throw out roots, and produce plants in every 



respect resembling the plant to which they belong, 
they are termed proliferous (prolifera). The 
‘plant which displays the most beautiful example of 
the proliferous leaf is the Cotyledon calycinum ; 
see fig. 1. Plate 10, in which the letters a. a. a. 
a. a. a. mark the young plants springing from the 
serratures of the leaf, some of them sufiitlently 
advanced to admit of their being separated from 
the leaf, and sustained by their own vegetative 
powers. -The attachment of the young plants is 
extremely slight, and evidently effected by a cord 
of umbilical vessels, originating in the proper 
vessels of the leaf. Leaves of this description 
:>^ve the closest affinity with those bulb scales 
which, as I demonstrated to you in treating of 
bulbs, produce new bulbs when they are separated 
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from the stem which bears them, and are planted. 
The young plants produced ,on such leaves are the 
lateral progeny of the adult plant, by which its 
existence is renewed, without the aid of the sexual 
stimulus; in the same manner as buds are formed 
on stems and branches, offsets on bulbs, and 
gems on tubers, to the last of which, indeed, such 
leaves are closely allied. They possess the same 
distinct vitality as tubers; for the leaves of Co- 
tyledon calyclnum will produce perfect plants from 
their serratures, if even worn in the pocket, 
wrapped in a piece of paper; and, holding, as 
they do, an intermediate place between tubers 
and leaves, they might be almost regarded as 
foliaceous tubers. It may be asked, are the 
germs of the plants, which rise on the margins 
of such leaves, coexistent with the origin of the 
leaves, as is the case with the germs in the eye or 
gem of the tuber? To answer this question we 
must have recourse to the microscope; and on 
examining with it the margins of those leaves of 
Cotyledon calydnum, which have not yet become 
proliferous, we perceive in each serrature a small 
rough papilla, projecting on the under disk of the 
leaf; and in a transverse section the cellular 
matter at this place is seen to be differently ar- 
ranged from that in the rest of the leaf; and 
displaying in its centre a small opaque point, 
from which a vessel extends to the surface of the 
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papilla, while another enters the surrounding cel- 
lular matter. This point is the germ of the new 
plant ; and the vessel, or rather fascicle of vessels, 
entering the cellular matter is its umbilical cord. 
As soon, therefore, as circumstances favourable to 
its evolution are present, the same vital actions 
commence in it to promote its growth, and for the 
formation of new parts, as occur in g^ems situated 
on tubers; the leaf, like the tuber, supplying 
the necessary nutriment, until the roots qf the 
young plants are capable of taking up the nu- 
tritious fluids of the soil; after which it decays, 
its assistance being no longer required. In 
tracing the progress of the germ, we perceive 
that the radicles shoot out from the surface of the 
rough papilla; while the two first leaves of the 
young plant, imperfectly developed and applied 
face to face, push out from the edge of the ser- 
rature on the same plane as that of the surface of 
the leaf ; but the young plant afterwards turns up- 
wards, so as to rise and stand erect on that surface. 
These two primordial leaves are always developed, 
and sometimes expanded, before the radicles make 
their appearance. But the real proliferous leaf, 
such as that of Cotyledon calydnum, must not 
be confounded with leaves which became pro- 
liferous only when separated from the tree and 
planted in the ground, under favourable circum- 
stances; as, fqr example, those of the Lemon tree ; 

2 
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which are never ])roductive while they remain 
attached to the parent. These leaves^ however, 
closely resemble the scales of the scaly bulbs; 
each scale of which produces a young bulb ^en it 
is separated from the others on the same caudex, 
and planted, although one new bulb only is the 
result of the united functions of all the scales, when 
t hey are allowed to remain as aggregated parts of 
the adult bulb: and the explanation which has 
been already given (sec pages 1 7(5-177) of this 
circumstance, as it occurs in bulbs, is appli- 
(‘able to its occurrence in this description of 
h;aves . 

^ It is latliiT fxtraordinary, that although the inhabitants 
of the Uiidiek isLintls, lately discovered in the Pacific Ocean 
(see Kufzc/jur's I'nj/ageJ, are aware oJ'this fact, and constantly 
raise their 'faro, Arum cscuiciilujv, b}' planting the leaves ; 
yet, it was unknown in Europe until the middle of tJie seven- 
teentli century ; when Agostino Mandirola, an Italian minorite 
of the Fianciscan order, first described the art in a small 
work entitled, Manualc de Giardinieri, published at V'^enice, in 
tlu year i(j84. Tlie h aves he planted were those of the Cedar 
and the Lemon, and tire mode of conducting the operation, 
which he thus describes, is, I believe, still follow^ed : “ PId 
‘‘ preso iin vaso pieno di huonnissinia terra sottile c grassa, poi 
“ intorno all orilicio vi lid posto le foglie con il gainbosotto terra 
** tiinto che resli ine/a la folia sopra; poscia hd fatto un’ orcio- 
“ lettod’ acqua che a stilla inaffiassc esse foglie, al mo do detto di 
sopra, aggiongendovi sempre terra nel scavo dell acqua, ed in 
“ tal modo hanno fatto presa, e gettato fuora le vergelette 
“ in breve tempo/' For other particulars on this subject see 
Beckman s Hist. <}/ InvcJii ions, voL iii. p. 426. Trans. 
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The size of leaves differs very considerably in 
different species of plants; but, as has been cor- 
rectly remarked, “ it is not always the largest 
“ planjjthat has the largest leaf*.” The Burdock, 
Arctium lappa, produces larger leaves than any 
other British plant; but these seldom exceed 
three feet in length, and two and a half in breadth ; 
whereas the leaves of the Banana, Musa sapien- 
tium, are sometimes found ten feet in length by 
two in breadth ; and tliose of the Talipot Palm, 
Licuala splnosu, have been known to exceed 
thirty feet in circumference -f-. 

Having now concluded our examination of the 
external or physiognomical characters of leaves, 
we have next to investigate their internal structure 
or anatomy. To pursue this inquiry, however, 
with advantage, some mode of classifying h'aves, 
in reference to their structure, should be adopted. 
As all leaves have more or less affinity, in point of 
structure, to the stems on which they are jiroduced,' 
we might adojit the same arrangement that we 
followed in our inquiries into the nature of stems, 
and examine them as they belong to acotyledoncms, 
monmotyledonous, and dicotyladtmous jilants ; but 
the varieties of structure which each of these 

* Keilh’s S^st, of physiological Bot. i. p. 37. 

+ These leaves, which are fan-shaped, wlicn propped up on 
one side with a pole, serve as a temporary hut or shade to the 
natives of Ceylon, who sell their merchandise under them. 
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classes present, and the difficulty of pointing 
out the general features which should be i-e- 
garded as the fixed characteristics of each class, 
present too many difficulties to permit the adop- 
tion of this arrangement. Equal difficulties occur 
to render ohjcctionablc any classification founded 
on the form, or the substance, or the arrangement 
of the parts of leaves. The only plan, therefore, 
that we can adopt to render our investigation me- 
thodical, is to discover in what circumstances all 
leaves agree; and t(» examine the nature of these, 
with their modifications in the three great divisions 
<»!' [dauts which we have just noticed. 

in tiu! most cursory examination of the ma- 
jority of leaves, we perceive that these organs arc 
eoinj»(»s(‘d of three distinct parts : one part, firm 
and apparently ligneous, constitutes the framework 
oi- skeleton of the leaf ; another, succulent and 
pulpy, fills up the intermediate spaces of this 
framework ; and a third, thin and expanded, 
incloses the other two, or forms the covering for 
both surfaces of the leaf. On a closer examina- 
tion we find that the first of these parts is vascular, 
the second cellular, and the thiril a transparent 
cutlcular pellicle. Admitting, therefore, that 
these parts are present in every leaf, although we 
may not be able to discover all of them distinctly, 
owing to the imperfection of our instruments; 
wc may conduct our inquiries into the structure of 
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leaves in reference to their mva/Zt/r, their cellular, 
and their cuticular systems. 

a. Of the vascular system of leaves. 

Among fallen leaves which have been exposed 
to the action of the atmosphere in a dump place, 
or which have dropped into a pond, we genei’ally 
find some in which the cuticle and pulp are com- 
pletely destroyed; whereas the ribs or veins, as 
they are cominonly but erroneously termed, being 
less susceptible of decomposition, remain almost 
entire, and display the appearance of a beautiful 
tissue of network, more or less complicated. This 
is the vascular system of the organ, and the leaf 
in this state is termed a skeleton leaf. Leaves are 
frequently artificially made into skeletons by ma- 
cerating them in water until they begin to putrefy, 
when the cuticle is easily separat(“d by gently 
rubbing and pressing them ; and the pulp washed 
out from between the meshes of the vascular net- 
work by rinsing in water : and if the operation 
be carefully performed, the most minute cords of 
vessels may be ])reserved * (see fig. 2, Plate 10). 

* Although skeleton leaves produced by spontaneous de- 
composition must have been very early observed, yet they were 
not artificially prepared until 16+5, when Marcus Aurelius 
Severinus published a figure, with a description oi' a leaf of 
Cactus Opwilia reduced to a skeleton. The art, however, was 
little attended to, until it was revived by Iluysch, in the com- 
mencement of the eighteenth century. This naturalist at first 
prepared them, by covering the leaves with insects, which ate 
away the pulpy parr ; I ut as these, anatomists, or satellites, to 
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Th(!se ])re|)<ii’at'K)n.s enable us to trace more readily 
than ill the natural leaf, the divisions, subdivisions, 
and various ramifications of the vascular fasciculi; 
but beyond this they afford us no Information, and 
we must have recourse to the microscope to obtain 
a satisfactory knowledge of the vascular structure 
of leaves. 

If W(^ commence our investigation with the 
simplest description of plants, the Lichens and the 
Mushroom tribe (Ftin^i) for instance, we {lerceive, 
even by the assistance of the best glasses, scarcely 
any trace of a vascular structure, the whole plants 
appearing to lie little more than an aggregation of 
cellular substance enclosed in a cuticle. This ap- 
pearance, however, arises in some degree from the 
transparency of the vessels preventing them from 
being distinguished from the cells, and in some de- 
gree from the simplicity of their structure; for, as 
the fluid they convey is not required to be raised to 

use his own expression, sometimes made sad havoc with the 
solid parts also, he soon dismissed them from his service, and 
employed the mctliod 1 have described in the text (see his 
Adversarionm Decas tertia, Amst. 1723-40). Fruits were also 
prepared by the same method ; and the description of the in- 
terior structure of a pear, by Du Hamel, illustrated with 
engravings, may be seen in the Mcmoircs de V Academic de$ 
Scie 7 Wfs, An. 1730-32. In the Philosophical Trans. 1730, No. 
ccccxiv. p. 371, Francis Nicholls gives an account of the ske- 
leton of a Pear leaf, the netw^ork of which he split into two 
equal layers. 


N N 3 



CONSERVATIVE OROANS. 


LKCT. X. 


considerable heights, as in tlu* more perfect 
plants, the conducting tube is consequently more 
simple. If, however, we take a plant in which 
the vessels convey a colourless fluid through a 
coloured cellular structure, as, for example, Mar- 
chantia po(y«w)rp/m, we find that the surface of the 
lobes of the leaf-like frond, when examined by an 
ordinary lens, is reticulated Iiy ilepressed lines, 
within each of which a small nipple-like body rises. 
When a thin slice ( i . c.) of a lohe is placed under 
the microscope, these lines are discoverc'd to he 
occasioned by vessels which i-nn imnuHliately 
under the cuticle, anastomosing with one another, 
as represented at \. <Ld. <1. d.-, and the papillary 


d r/ 



bodies are seen to be cuticular pores surrounded 
by a slight elevation of the cuticle (1. h. h.) 
modified as shall be afterwards described. This 
vascular network is formed by a single porous 
tube, branching and anastomosing so as to form 
irregular, lozenge-shaped me.shes, which are 
filled with a dark-green cellular jiarenchyma. 
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The vessel itself is closely eontuH:ted with the 
cellulai’ matter^ and when separated (see ‘2, a 
hii^ldy magnified representation), bears the marks 
of the cells on its sides. We find nearly the same 
vascular structure in the Mosses. Thus, if we 
take a leaf of broad-leaved Bog-Moss, Sphagnum 
ohtusifoUum. as a specimen, we find it, when 
magnified as at 3 {f>. shows the natural size of the 
leaf), consisting of a midrib (a.), on each side of 
whi(;h are many oblong cells, arranged apparently 
in straiglit lines : but, under the microscope, these 
oblong cells are seen to consist of elevated cuticle 
(as at J. b. h. b. b. b.) in the meshes of a reticulated 
vascular system (J. a. a. a. a.), too minute to al- 
low of t he nature of the vessel to be made out by 
the aid of the highest magnifying powers. It 
is probably the same as that of the vessels of 
Marchantia. The leaves of all the Mosses are 
sessile, altluMigb many of them are sheathing; 
and most of them are furnished with a midrib; 
but their minuteness prevents any certain informa- 
tion being obtained as to the manner in which the 
leaves i(*eeivc their vessels from the stem, or 
whether there be a distinct set of returning 
vessels : they appear to be merely a continuation 
of the vessels of the cortex of the stem. Sprengel 
asserts that in the Sphagnum before us, both the 
cells of the leaf and those on the surface of the 

N N 4 
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Stem contain a fine spiral fibre; which, however, 
I have not been able to discover. 

Proceeding to the next division of plants, those 
produced from moiiocotyledonous seeds, we ob- 
serve the costae or vascular fasciculi distinguishable 
by the naked eye; of difterent sizes, and running 
in gently curved or nearly straight lines, either 
from the base to the apex, or trail svei'sely from the 
midrib to the margin of the leaf. The former is 
found chiefly in those leaves which have no de- 
cided petiole, but spring directly from a bulb or a 
tuber; the latter in those which are petiolatcd. 
We shall examine each kind separately. 

A bulb leaf of the White Lily, Lilium candi- 
dum, may be taken as an example of the general 
distribution and character of the vascular system 
in the first description, the sessile leaves of inono- 
cotyledonous plants. On examining it, we find that 
the vascular framework consists of a distinct 
midrib, which forms the keel of the leaf, and of 
less elevated ribs (costce), that extend on each 
side of the midrib in longitudinal lines, which 
form a gentle curve, following the shape of the 
leaf. In the smoother and more succulent leaves 
of this division, however, these costae are scarcely 
visible externally, or at least appear merely as 
striae on the surface of the leaf : and this is the 
case, also, as far as regards many of the smaller 
vascular fasciculi, even in those leaves, which have 
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prominent costa\ If we now make transver.se and 
lono^itudinal sections of the Lily leaf, we perceive 
tliat the costae are composed of fasciculi of spiral 
vessels closely accompanii'd with corresponding 
fasciculi of propei- vessels, and embedded in cel- 
lular substance; or, that the leaf has a <louble. 
system of vessels, one for conducting forwards 
the saj), and the other for r<;turning tin* pro{)er 
juice into which the saj) has been changed by the 
functions of this organ. In the transverse sec- 
tion, these vascular bundles appear like dots upon 
the tlividi'd surface; and, when magnified in trans- 
mitted light, di'^play tficir twofold nature by dif- 
ference of transparency; the ])art of each fasci- 
culus compos(‘(l of spiral vessels beimr particularly 
distinguished by a greater degree of opacity, owing 
to the spiral thread wdiich compt)ses the coats 
of these vessels being hrmer and nunc opa(|uc 
than the coats of the proper vessels. Thus, in 
the midrib (5.n.), we perceive that the three spots 
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formed by the viiscular fasciculi, which it en- 
closes, have each one half darker than the other, 
and the darker half is turned towards the upper 
disk of the leaf. The same circumstance cha- 
racterizes the fasciculi emdosed in the costae 
(:>. h.h.h. h.) ; and also those of the intermediate 
or secondary libs, which form no prominence on 
either surface of the leaf. By the aid of more 
powerful glasses, the distinct character and dis- 
position of both kinds of vessels are perfectly per- 
ceptible: and in placing the principal fasciculus 
of the midrib, detached from the others, under the 
microscope, this is not only satisfactorily demon- 
strated, but we become acquainted, also, with the 
fact, that the spiral vessels ((). a. page 553) of the 
leaf as well as those of the stem, are found ge- 
nerally empty, like the arteries of animals; while 
the proper or returning vessels (6. b.) are always 
full. I may here remark, tluit the closer proxi- 
mity of the spiral vessels to the upper disk of the 
leaf is common to the majority of leaves ; for, in- 
dependent of the fact, that the chief function of 
these organs, namely, the exposure of the sap to the. 
light and air, would lead us, a priori, to conclude 
that the vessels carrying foi’wards the sap must, 
necessarily, be on that side of the leaf most exposed 
to these agents; the sap-vessels receiving their 
origin in the stem from the vessels of the albur- 
num, and the returning vessels terminating in 
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those of the bark, the disposition eould not well 
be otherwise, seeing that the relative position of 
the upper and under disk of every leaf, to the 
(centre of the stern, is exactly that of the albur- 
num and the bai'k. In leaves, however, which 
stand vertically, or have no distinction of sur- 
faces, the situation of the spiral vessels is either 
the reverse, or in the centre of the entire vessels : 
anatomy thus confirming the idea of the close 
affinity of such leaves to stems. 

1 have already stated that the bundles .and 
threads of vessels, in leaves belonging to this di- 
vision of the. class of leaves under consideration, 
run in longitudinal lines. These ai’e not exactly 
parallel, but approach both at the base and the 
a{)ex of till* leaf; and, also, communicate la- 
terally in their course by sm.all threads, given off 
at irregular intervals. This structure is easily de- 
irronstratcd by placing a small slice of thp Lily 
leaf (7, page 553), cut immediately withhi the cu- 
ticle of the upper disk, under the microscope. 
We perceive that the longitudinal bundles {a. a.) 
are united by transverse threads (b.b.) ; and this 
is the case at irregular intervals throughout the 
whole extent of the le.af. 

These transverse fasciculi, however, are not 
threads simply detached from one longitudinal 
layer, and coming into contact with another, as 
was supposed by Dr. Grew to be the case in all 
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leaves*; but are distinct vessels, uniting; with 
the longitudinal bundles in a singular tnanner, as 
is apparent (8. a. page 553) in a very highly mag- 
nified view of one of the angles formed by a 
transverse fasciculus and a longitudinal vascular 
cord. One of the vessels appears to belong 
to the longitudinal fascicle ; but the other termi- 
nates there, and has its extremity applied to the 
side of one of the vessels formirjg a part of the 
longitudinal fascicle. Whether there is any open- 
ing directly into the longitudinal vessel on which 
the extremity of the transverse vessel is applied 1 
have not been able to determine. From these 
demonstrations we may conclude that the vas- 
cular system of the sessile leaves of monocoty- 
ledons, consists of fasciculi composed of sj)iral 
vessels accompanied with proper vessels which 
are not spiral, arranged in longitudinal lines, and 
connected by smaller transvei’se threads; the 
whole forming a I’eticulated texture with irregular 
rhomboidal meshes. The longitudinal vessels are a 
continuation of those which are nearest to the 
surface, in the root caudex, or the stem fron> 
which the leaves immediately spring; and thus 

* It is bold to dissent from sucii authority on the subject of 
vegetable anatomy ; but the improvement of microscopes since 
Dr. Crew’s tjme, has enabled many Phytologists of very in- 
ferior abilities to that great man, to point out some errors into 
which he had been led by the imperfection of his instruments. 
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the greater number of the circles of the distinct 
fasciculi, which compose the stems of monocoty- 
ledons, terminate in leaves until the plant attains 
its ultimate growth. 

In order to examine properly the vascular 
framework or skeleton of the petioluted leaves of 
iiionocotyledonous plants, we must arrangt; them 
under two subdivisions. 1. Those in which the 
rlhs run longitudinally, or in a direction from the 
base to the apex of the leaf: and, 2. those in which 
they run nearly fransrersely, or in a direction 
from the midrib to the margin. 

1. In this subdivision we perceive that, in the 
(brasses, the vascular fasciculi resemble, very 
closely, those of the former division: the ribs 
being in longitudinal, nearly parallel lines, con- 
verging towards the apex of the leaf; and united 
at irregular distances by obliquely transverse 
threads. If we take a stem leaf of Indian Corn, 
Zea Mays, as a specimen, we perceive the petiole, 
which is broad, expanded, and sheathing, deriving 
its origin from tlie whole circumference of the 
knot of the articulation which produces it; dilat- 
ing gradually as it rises upwards, until its edges 
become a tliin fimbriated membrane, and again 
contracting, but less gradually, at its upper part, 
or where it is united to the expansion of the leaf. 
The vascular bundles, which can be readily traced 
by the naked eye, are composed of the two distinct 
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kinds of vessels described in the former division 
which appear as dots in a transverse section of tin 
petiole situated almost close to its external sur 
face; or as represented at a. a. a. a. ( 9 .), a highlj 
magnified view of the section. The number of tin 
spiral vessels in each fascicle is generally six, thre< 
large and three smaller, symmetrically arranged, ae 
may be seen in a transverse section of one of tlu 
fasciculi ( 1 (). a.) viewed under the microscope ; an< 
the whole surrounded by a mass of much dcnsei 
cellular matter than the rest of the substance o 

i 

the petiole. The returning or proper vessel; 
(10. ft.) are much smaller and more numerous thar 
the spiral ; and are congregated into a bundle wliicl 
occupies a space close to the former, between ii 
and the cuticle, and is bounded by a mass of the 
same dense cellular matter (lo. c.) as that wliicl 
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surrounds the spiral vessels: the object of which 
is, probably, to give such a degree of firmness to 
the petiole, as will enable it to sustain, in the erect 
position, the expansion of the leaf. If we now 
make a vertical section of the petiole, so as to 
divide one of the fasciculi longitudinally, in the 
thickness of the petiole we perceive that- the 
larger vessels are regular spirals (l i. e.), furnished 
with diaphragms {h.) at certain distances, the struc- 
ture of which, however, wc shall perhaps never 
be able to ascertain, owing to the minuteness of 
the parts ; the diameter of these vessels, although 
conii)aratively large, not exceeding of an 
in<;h. In this section, also, we perceive that the 
proper vessels (i i . /.) are membranous and porous: 
and that the cells in immediate contact with both 
sets of vessels are oblong ( 1 1 . d.); whereas those 
(g.) which are between the proper vessels and the 
cuticle of the outer surface of the leaf, and which 
form the elevated portion of the costa, although 
they are not oblong, yet, differ both in size and 
in regularity of structure from those (i l.c.) that 
form the inner substance of the petiole. Close to 
the cuticle of the upper disk ( i ] . «.) is a mass of 
oblong cells {h.) resembling those in contact with 
the vessels. 

Ascending to the expansion of tlje leaf, which 
is separated from the petiole by a semitranspa- 
rent white, condensed, membranous space (see cut 



560 CONSERVATIVE GROANS. [eKCT. X. 

12. c.), from which the expansion of the leaf 
spreads out like a shoulder on each side ; we per- 
ceive that the midrib (12. b.), which is not distin- 
guishable in the lower part of the petiole (12. a.), 
becomes very eonspicuous on the under disk at this 
point; forming almost a knob, which passes into 
a strjated ridge, and extends, gradually dimi- 
nishing in size, to the apex of the leaf. From 
ten to twelve parallel eostae are visible on each 

side of the midrib, 
which when magni- 
fied appear like white 
parallel lines ( 13 . a. 
a. a.), running through 
the green smooth sub- 
stance of the expan- 
sion, and taking the 
curve of its shoulders 
as if originating in the 
white semitranspoi'cnt 
space (12. c. c.) al- 
ready described. But 
between these costa* 
there are several smaller vascular cords, which are 
scarcely visible on the surface, neither producing 
elevation nor difference of colour ; and which can 
be demonstrated only on the dissection of the leaf. 
One of the more obvious distinctions, therefore, 
in the structure of the petiole and the expansion 

2 
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in the leaves of the gramineous tribe of plants is, 
that, in the petiole, the vessels run in distinct fas- 
ciculi, which are all nearly equal in point of 
size (14.) ; whereas in the expansion the fasciculi 
differ considerably in size ( 13 .), the larger only 
being veiy visible on the surface. In both, there 
nre transverse threads which connect the longitu- 
dinal bundles, and these are conspicuous even to 
the naked eye in the more succulent leaves, par- 
ticularly in those which involve the fructification 
of the Mays (15.), when viewed by transmitted 
light. 

1b examining a transverse section of a portion 
of the expansion, of the leaf of Indian Corn, con- 
taining one of the visible costie and the interval 
between it and the next costa; we immediately 
perceive the difference of structure in the two kinds 
of fasciculi. The visible costa consists of two 
large spiral vessels on the same line, and a com- 
pact fasciculus of proper vessels on each side of 
the line of ^irals, towards both surfaces of the 
leaf (c. c. fig. 13, Plate 10); while, in the interval, 
each fasciculus is.composed of^ one small spiral ves- 
sel only, surrounded with a circle of proper ves- 
sels, and placed in the heart of the substance 
of the leaf {d. d. d. fig. 13, Plate 10). But, be- 
sides these, there is another kind of fasciculi, 
two of which are generally observed in each space 
between the visible costae, connected with S. pe- 
VOL. I. o o 
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culiar cellular apparatus to be afterwards de- 
scribed. These appear to be modifications of the 
two vascular fasciculi already noticed ; having the 
same structure as the obscure or invisible fascicu- 
lus, and the accompanying compact bundle of pro- 
per vessels of the visible costa (see c. e. fig. 13, 
Plate 10). In a section obtained by slicing the. 
leaf, we find all these fasciculi united by trans- 
verse threads, forming rhomboidal meshes, si- 
milar to those which have been already described. 

But although the arrangement of the vascular 
system of the leaf of Indian Corn, just described, 
may be taken as a specimen of that peculiar to the 
leaves of all the Grasses; and to those leaves of 
monocotyledonous plants which are petiolated, and 
furnished with longitudinal costae, yet, there must 
necessarily be many modifications of this arrange- 
ment. I shall, however, particularly notice one 
only, that which characterizes very thick and 
fleshy leaves; such, for instance, as those of the 
Aloe tribe. ^ 

On the exterior surface of the leaf of the Aloe, 
and other leaves of ^a similar character, we per- 
ceive no appearance of a vascular system ; but on 
attempting to tear the leaf across, considerable 
resistance is opposed to the effort, by a number of 
tough, longitudinal fibres. These constitute the 
vasculamCasciculi ; and in a transverse section of 
the ftaf, we find that they run through its sub- 
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Stance, nearly in the same manner as the fasciculi 
in solid monocotyledonous stems. Viewing the sec- 
tion (i6.) through a magnifying lens, we perceive 
that the fascicles are of differ^t sizes, the largest 
being in the centre: and, in a portion of it (17.) 
placed under the microscope, we perceive that the 
central fesciculi (o.) differ from the others ( 6 ,), 
in their structure as well as size, being coiitpbsed 
of a dense cord of spiral vessels, accompanied by a 
very lai-ge bundle of proper vessels, which is sepa- 
rated from it by a thin layer of cellular substance ; 










ni 
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whereas the smaller or marginal fascicles appear 
to be entirely composed of proper vessels. This 
structure of the central bundles is still i^ore deci- 
dedly observed, in a very thin longitudinal slice. 







564 CONSERVATIVE ORGANS. [lECT. X. 

( 18 .) cut in the thickness of the leaf, and viewed 
in the microscope by transmitted light. The cord 
of spiral vessels (a.) is a few proper vessels sur- 
rounded by, and a layer of cellular matter in- 
terposed between it and the large fascicle (c.) 
of proper vessels. In splitting the leaf, we per- 
ceivp that .these vascular fasciculi fun in parallel 
lines ■'(19.), and take the same curves as the mar- 
gin; but do not enter into the spines (u. a.), which 
are of a hard ligneous consistence, and supplied* 
by small threads of vessels given off from tiic 
fasciculi nearest to them. The vascular cords do not 
anastomose in any part of the leaf; and very few 
transverse threads are perceptible, compared with 
those which occur in the membranous leaves of this 
natural order. But besides the vascular fasciculi 
we find, in this leaf, and other monocotyledonous 
fleshy leaves, a system of tubular cells, which might 
be mistaken for vessels, situated immediately un- 
der the cuticje (17.6?.), from which they extend in 
straight contiguous lines to the cellular parenchy- 
ma, the chief substance of the leaf. These resemble 
beaded or moniliform vessels (les vaisseaux en 
chapelet of Mirbel), and appear to be composed of 
trans{iarent membranous oblong vesicles, united 
at their extremities; and are either perforated, 
or contain small granules sparsely spi'ead over 
their inr^r surface ( 1 9. a.). It is probable that 
these cells are part of the absorbing system by 
which fleshy plants, such as the Aloe, which grow 
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in sandy, arid soils, chiefly derive their nou- 
rishtnent : for, as very little moisture is taken up 
by the roots, these plants are supported, almost 
entirely, by cuticular absorption. The natural func- 
tions of these tubular cells, also, being to absorb 
and to carry fluids towards the centre of the leaf, 
enable us to understand why the leaves of* an 
Aloe, when separated from the stem, are very 
long in drying and losing their plumpness ; where- 
fis, if thrown into water, when they are very 
much shrivelled, they almost immediately regain 
their original size. .The absorbing mouths by 
which they are supplied will be demonstmted, 
when we examine the cuticular system of leaves. 

In the leaves of those monocotyledonous plants 
the costae of which, instead of being longitudinal, 
run in transveree parallel lines, forming acute an- 
gles with the midrib, we find that the arrangement 
of the vascular framework resembles that of the 
Grasses in some circumstances ; but differs from it 
in other respects. Thus the costae are parallel to 
one another, and communicate by small transverse 
cords of vessels, so as to form meshes which are 
rhomboidal or square according to the angl^ at 
which these transverse cords are given off f|pm the 
costae, as in the Grasses. The petioles are, also, in 
general sheathing, and many of them are famished 
with ligulae. But, in almost all of them, the peculiar 
cartilaginous articulation, which divides the petiole 

o o 3 , 
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from the expansion in the Grasses, is not present ; 
mid the petiole assumes a stalk-like aspect before 
it reaches the expansion. 

Taking this leaf of Canna Indica (21.), as a 


31 



specimen of the vascular system in this description 
of leaves, we perceive, looking at the under disk, 
that the midrib is much elevated near the base, 
and gradually diminishes in size, until it appears 
little more than a mere line at the apex of the 
leaf. The more elevated costae (a. o. o. a. a.) are 
the primary vascular fasciculi ; and between these 
are secondmy ^ciculi, which are less elevated. 
To the unassisted eye they all appear to go off from 
the midrib ; but viewed by a ma^ifying lens, and 
with transmitted light, we perceive that all of 
them do not proceed directly from the fasciculi of 
the midrib (22. b. b. see page 567), but that some 
of them (22. a. a.) m^branches of the others*. At 

* In figure 22, die cutide, except at the space c. d. is taken 
oif^ and the midrib pared down, to show the transveiWVascular 
threads, -which unite the parallel fascicles ; and which are ren- 
dered very conspicuous when viewed by transmitted light. 
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the margin they all inosculate, and form, as it 
were, one fesciculus which, eictending from the base 
to the apex, is the real living boundary of the leaf. 

Pursuing our examination more closely ; and 
placing a slice ('23.) of the petiole cut transversely 
near the base of the expansion,' under the micro- 
scope with a glass of a moderate power, vrcj)er- 
ceive that the vessels arfe arranged in ^stinct fas- 
ciculi, which ace nearly of the same size in the cen- 
tre of the section 5 alternately larger and smaller 
(23. a. b. a. i.) near the circumference on the con- 
vex surface, or that part of the petiole which is 
towards the under disk of the leaf; and all small 
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cave surface of the midrib, which are curved out- 
wards in opposite paiH, at different distances be- 
tween the basis and the apex of the leaf; but the 
central i^sciculi pass on its apex. These vascular 
fasciculi are embedded in a cellular tissue; brides 
which the petiole and midrib of this description of 
leaves contain peculiar pneumatic or air cells { 23 . 
d.d.d.) clofely resembling those which I shall after- 
wards demonstrate to you, constitute a great part 
of the substance of aquatic plants. In a trmisverse 
section of a small part of the expansion of the leaf 
( 24 . see page 567), we perceive that the vascular 
cords (a. a. a) run nearly in the centre l)etween 
the two plates of cuticle, embedded in an opaque 
green parenchyma; and that, instead of the 
pneumatic apparatus of the petiole and midrib, 
there is a transparent layer of large cells ( 24 . b.) 
immediately under the cuticle of the upper disk. 
I should, however, inform you that these pneumatic 
cells are not present in the petiole and midrib of 
hll leaves with transverse costse, belonging to rao- 
nocotyledonous plants; but the same general ar- 
rangement of the vascular cords, and, conse- 
quently, the same structure of the framework, 
are seen in all of them. 

With regard to the composition of the ftisci- 
culi; these, as in the other leaves we have ex- 
amined, consist of, spiral and proper vessels; dif- 
fering, however, in the relative position of the 
spiral vessels, which in each fasciculus, in these 
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leaves, are placed l>etween two bundles of proper 
vessels. If we cut a superfidikl slice from the under 
disk of the leaf, where any of the fasciculi ra- 
mify ( 25 . see page 567) ; and examine it by a 
powerful microscope, we may rationally conclude 
from what we perceive, that, although some of 
the costae are merely continuations of thg vas- 
cular fasciculi of the midrib, separated like threads 
from a skein of silk, yet that others which also 
branch from these, and the smaller transverse 
vascular threads, are actually united by that 
kind of connexion which, in the vessels of animals, 
is termed anastomosis. Thus, in the slice under 
examination, we find that both the fhsciculi {a. a.) 
contain the same number of vessels, which would 
not be the case, were the one parcel separated from 
the other ; and although the transverse thread (i.) 
contains one spiral vessel only, yet this vessel does 
not appear to be split from the larger fasciculus ; 
but to be simply united to it, the end of b. being 
evidently applied to the side of a. if it do not ac- 
tually open into -the cavity of that vessel. 

Examining, by the same power of the micro- 
scope, a transverse section of one of the larger 
fasciculi of the midrib of the leaf of Canna In- 
dica, we find it to conrist of one large, and 
from thr^ to six smaller i^ral vessels, arranged 
and relatively connected with * the proper vessels 
in a manner closely resembling the arrangement of 
those in the fasciculi which are found in the 
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stems of White Bryony (see fig. 4, a. Plate 8). 
The arrangement ofi^e vessels, however, in the 
fasciculi of the expansion differ, in some de- 
gree, from those of the piidrib. Placing a trans- 
verse section (26.) of one of these fasciculi under 
the microscope, we find that it is composed of 
two^large tangent spiral vessels (a.) surrounded by 
firm cellular matter ; and of two small isolated 
vessels (i.), which are spirals also, situated nearer 
to the upper disk of the leaf; the one before the 
other, and, in like manner, surrounded by firm cel- 
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lular substance. The proper vessels are collected 
into two distinct fasciculi; the largest of which 
{d.) is on the under disk or back of the leaf, 
and covered by the outicle only, while the 
smallest (c.), wbieh is^towards the upper disk, 
is covered by oitie layer of cellular substance. 
In the longitudinal secstion (27.) made through 
the centre of' the fesdcolus, in the thickness of 
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the leaf, e. being the upper and f. the under 
disk, the relative situation W the vessels is still 
more clearly demonstrated. 

We may ‘pause here a few moments to re- 
mark, that the colour of the juice in -the cells of 
the leaf, is more intense towards the surfaces, 
while in the centre it is scarcely deeper than that 
wbiclj i-’ ' ontained in the cells of the cutis {e.f.). 
Is not this probably owing to the sap which is 
current in the spiral vessels, and which^is co- 
lourless, being given out laterally, and diffusing 
itself through the cells, in which the change 
effected by the air and light, that causes the co- 
lour is product ? The manner in which the co- 
lour is diluted as it approaches the limits of 
the spiral vessels, would authorize such a suppo- 
sition ; but, wherefore it may be demanded, are 
t he cells immediately under the cutis free from 
colour ? It is probable, we may reply, that these 
cells are filled by pure water only, absorbed from 
the idmosphere; and, consequently, their con- 
tents are unfitted to und^go those chymical 
changes to which the sap is subjected in the leaf. 
But this discussion is premature. 

From this demonstration of the vascular sys- 
tem in the leaves of ihmiod&tyledonous plants, 
it is evident that a geXieral diaracter, however 
variously modified in midiy dnstances, pervades 
the whole. The fasciculi oS Cressets are distinct; 
they run in directions parallel ,to one another; 
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aad the principal bunnies aoe united by smaller 
transverse cords or fasciculi; which form meshes 
of a rbomboidal figure, all nearly of the same 
size in the same leaf. 

# 

Passing on to the leaves of Dicotyledms, we 
find^ the reticulated structure of the vascplar 
framework more complex and varied, than we 
have found it in the leaves of the two natural di- 
visioni^ which we have already examined. This is 
piade evident to the unassisted eye by holding up 
between it and the light any newly expanded leaf ; 
but it is more beautifully demonstrated in the ske- 
leton of a full-grown leaf, carefully prepared. In 
a leaf of the Indian Fig, Ficus religiosus, thus pre- 
pared (fig. 2, Plate 10), we perceive seven princi- 
pal costffi, springing from each side of the midrib 
(a.), and extending to the margin of the leaf, where 
they bend towards its apex, and are enarched or 
inosculate with one another {h. b. b. b.). From each 
side of these costae, a series of secondary fasciculi 
spring, which, inosculating, also, with their oppo- 
nents, form a secondary set of arches (c. c. c. c.) be- 
tween each pair of the principal costae ; and inclose 
a tissue of minute and exq^eltely beautiful reticu- 
lations, the result of the niimekms ramifications of 
the vascular thr^ids, as tihey divide and subdivide 
as it were out 4^ a greater into a less. But besides 
this i^itribution of these vascular fasciculi, we 
observe a fascicle {d. d.), proceeding from each 
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side of the midrib, at the very base of the ex- 
pansion, and bounding the margin of the leaf. 
This receives supplies from the arches of the costse, 
as it passes onwards, until it unites with its fel- 
low at the apex of the leaf. Such is the general 
distribution of the vascular fasciculi in the leaves 
of dkotyledomm plants. It would be incon- 
sistent with any elementary plan of instruction, to 
enter largely upon the consideration of the various 
circumstances which modify the distribution of 
these fasciculi ; and, therefore, I shall examine the , 
modifications depending upon two states only of 
dicotyledonous leaves : 1. When the leaf or its ex- 
pansion is thin or membranaceom ; and, 2. when it 
is thick or fleshy. 

1. The genetal distribution of the vascular 
fasciculi, in thin leaves of dicotyledonous plants, 
in the majority of instances, resembles that which 
we find in the skeleton of the leaf of the Indian Mg 
tree. The vessels of the costae proceed from the 
principal fasciculus of the midrib, and run between 
the laminae of cuticle, embedded in the cellular mat- 
ter, in cords which form visible elevations on the 
back of the leaf, and corresponding furrou^ on its 
face. Each fascicle comets of spiral and proper 
vessels throughout all its ramifications; and, in 
whatever manner these vessels are arranged in the 
fasciculi, the spiral and premier vessels are aliaays 
associated and, in general, tangent. This arrange- 
ment is common both to sessile and to petiolated, to 
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ample and to compound leaves, as far, at least, as 
respects the meponsion. In sessile leaves, how- 
ever, all the- fikscicuM do not proceed from the 
midrib, but some are g^ven off directly from the 
stem or the branch, and enter the expansion of the 
leaff at its base, on ehch side of the midrib. In 
petiojlated li^v^, also, the .petiole is generally 
dilated at its point union with the bitmch, and 
at this point the vess^ enter the petiole in distinct 
bundles ; the remains of which are visible in the 
eschar produced by the falling of the leaves in 
autumn. 

Thus in the Appl^ the Pear, the Peach, and 
many other trees, the leaf is attached to the 
wood by three l^sdculi, one of which enters the 
middle of the petiole, and the others on each side 
of it. In the Lilac, the attachment is also by 
three distinct fasdculi ; bat there is besides a line 
of coalesced fesctcnli which fonns a Idnd of open 
crescent ; and in the Laurustine the whole of the 
vessds pass from the wood into the p^iole in one 
fascicle, the transverse section of which is nearly 
a coi]i{dete semicircle. In compound leaves, the 
number of fasciculi passing into the petiole from 
the wood; is in some inslmices regulated by the 
number of the lei^ets> w the Elder, we find 
generally fine ; and invtbe Hcu'se Chesnut, from 
fine to seven or eight. It is, however, the inner 
part only of these fissciculi, or that which con- 

2 
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veys the sap to the leaf, that is given off from the 
wood, or rather from the medullary sheath ; for 
the outer part, which consists of the proper or re- 
turning vessels, ent^ the bark, but not the 
wood. This fact ’is beautifully illustrated by 
placing young leafy twigs in coloured fluids. The 
colour is seen passing up from the stem into the 
leaf through the upper portion of each fascicle; 
while that part which consists of the returning 
vessels remains perfectly free from colour. 

Such is the general arrangement of the vascu- 
lar framework in the thin leaves of dicotyledonous 
plants; to examine the intimate structure of the 
fasciculi, we must have recourse to the same me- 
thod that we adopted in our examination of them 
in the leaves of the two natural divisions we have 
already investigated. Taking the leaf of the 
Lilac, Syringa vulgaris, as an example of the 
petiolated leaf; and placing a thin transverse 
slice of the petiole under the microscope, we find 
that the vessels are mrranged in the following man- 
ner. Close to the upper or chmmelled surface of 
the petiole, we find three small distinct fasciculi 
of spiral vessels (c. c. c. fig. 10, Plate 8), one im- 
mediately within the cutis, in the hollow of the 
channel, and one at each side ; but the principal 
vessels constitute one large compound fasciculus, 
in the centre of the petiole, which appears of a 
horseshoe shape, in the trsm^verse section ; and 
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consists of one fasciculus of spiral vessels, and 
two fesciculi of proper vessels. The spiral vessels, 
which form the central fasciculus («!.), are arranged 
in rays, which are sometimes tangent, at other 
times separate; whereas the proper vessels con- 
stitoting the two fesciculi (e. e.), one of which is 
situated within, and the other without the fasci- 
culus of spirals, are irregularly embedded in a . 
pulpy parenchyma, and are readily distinguished 
by their greater transparency. The bark, or time 
cutis (a.) of the petiole, seems, also, to consist 
chiefly of several series of the same kind of proper 
or returning vessels. In the various modifications 
of this structure of the vascular system, in the 
petioles of dicotyledonous leaves, the radiated ar- 
rangement of the spiral vessels is found in all : 
the petiole in this inspect, as well as in the other 
parts of its structure, closely resembling the 
stem or the branch from which it springs. In 
simple leaves, with a few exceptions, although 
the vascular part forms at first several fasciculi, at 
the base of the petiole, yet these soon coalesce into 
one compound fasciculus ; but in compound leaves 
they remain distinct. 

If we take a leaf of the lElder, Sambucus 
nigra, and place a transverse section of the com- 
mon petiole under the microscope, we perceive 
ten distinct fasciculi of vessels. Five of these 
(6. b. b. b. b. fig. 11,’ Hate 8) are compound fas- 
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cicles, embedded in the cellular substance of the 
petiole; and five (a. a. a. a.' a.) fasciculi of proper 
vessels occupying' the angles of the footstalk, and 
situated in the bark/ or at least exterior , to the 
former and immediately within the cuticle. The 
compound fasciculi consist, each, of a bam||;of 
spiral vessels, arranged in rays, and two %sciculi 
of proper vessels ; one interior, and the other ex- 
terior to the band of spirals, but both' tangent 
upon it. One of these compound fascicles passes 
into each leaflet;* and consequently their nuyi- 
ber, in the common" petiole of compound leaves, 
generally corresponds .to that of the leaflets. Jn 
compound leaves, however, which have moveable 
articulations, we perceive that all the separate fas- 
ciculi are collected into one fasciculus in the arti- 
culations. Thus, in the common Kidney-bean, Pha- 
seolus vulgaris*X^^ petiole of which is channelled, 
with an articulation at the base of the common pe- 
tiole and, also, at that of each partial petiole, we 
find that the vascular fasciculi (a. a. h. b. fig. 8, Plate 
10) are distinct, and form a circle situated immedi- 
ately under* the hark in the channelled parts of the 
petiole ; with a considerable portion of lax cellular 
substance or medulla (c.), enclosed within the circle 
which they form ; whemis, iiLthe articulated parts, 
there is one central teilcuhiS’dBly (a. fig. 7, Plate 
10), siirroimded by a large mass (6.) of very firm 
cellular matter. The advantage of this change of 

VOL. r. p p 
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disposition of the vascular bundles, in the articu- 
lations, is very obvious:, for, had the foscicles 
remained distinct, and Surrounding the pith, in 
the articulations, those oif^ the outside of the 
flexure, in every, considerable motion of the joint, 
have described so large a circle, as would 
have.epdangered the organization of the vessels by 
the extension; while those on the inner side 
would have suffered, equally, by the compression 
to which they must necessarily have been subjected. 
Bft, by the whole of the vessels being situated in 
the centre of the petiole, the extension and com- 
pression produced by the flexure, on every part of 
the fascicle, is not more than can be borne by any 
individual vessel, whether spiral or entire ; and, 
thence, the freest and most varied motion of the 
joint cim be exercised with impunity. The neces- 
sity of such a modification of s^uctnre, in the 
petioles of compound leaves, susceptible of mo- 
tion, may indeed be inferred from the fact, that 
articulations are present in all those which per- 
form certain movements; as, for example, thqse 
which fold together their leaflets at night ; those 
which are endowed with the power of spon- 
taneously moving their lea||et8, as Hedysarom 
gyransi and thosoif^ch foSIfl^ir lefflets together 
when touched, as SlimofSA and pudica. 

Sonote simple leaves, tlmse for instance of 
the Holly Hock, of t|||.^:^eranium tribe, &c. 
which have several principal costa; diverging from 
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the suittmit of the petiole^ and in this respect 
have ^n affinity to digitate leaves, present 
nearly the same vascular structure of the petiole 
as the compound leives. The fasciculi are dis- 
tinct ; and correspond in number to the princi- 
gial costse of the leaf; each of which may be ’liras 
regarded as a kind of midrib, and tlieleaf asisom- 
posed of a number of conjoined leaflets: so that 
these leaves, although they are necessarily classed 
as simple leaves from their external appearance, 
yet, bear in anatomical structure the same affinity 
to digitate compound leaves, which the webbed 
foot of a bird bears to one frhich is not webbed. 
A «imilar structure, also, is found in the petioles 
of those leaves which are longitudinally ribbed, or 
nerved as the common expression is, from the 
base of the expansion, as for instpice those of the 
genus Mehstoma; but, when the ribs do not origin- 
ate from the base, although they are very conspicu- 
ous, as, for example, in the leaf of the Cinnamon 
tree, the structure of the vascular system of the 
petiole is exactly the same as in simple* dicotyledo- 
nous leaves, which are not lon^tndin^Jy ribbed. 

If, instead Of a transverse section, we place a 
longitudinal section any of these leaves under 
the microscope, we |^^ve ^h fasciculus is 
composed of spiral aii^ "pr«^‘i«ssel8, the same as 
we have already seen constitute the ribs hi the 
leaves of monocotyledorfs. 
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Tmcing the vascular fasciculi from the petiole 
into the expansioii, in the thin, simple leaves of 
dicotyledons, we find their divisions, subdivisions, 
and ultimate ramifications much more diversified 
and minute than in the leaves of monocotyledons. 
Whatever may be the origin of these divisions 
and .subdivisions, whether they proceed from one 
central fasciculus, or from several longitudinal 
costae, the ramifications become smaller and 
smaller, owing to a diminution of the number 
of the vessels which they contain ; l>nt not owing 
to any diminution of the diameter of the vessels 
themselves; foi', afthough a principal fasciculus 
may contain larger and smaller spiral vessels, 
yet the general comparative -niagnitude of the 
vessels, in the smallest fasciculus, is the same as 
in the. largest.^ This question, therefore, again 
presents itself: Do the vessels of the leaf inoscu- 
late and anastomose, or are the smaller fasciculi 
merely separations from the larger? 

Dr. Grew, as I have already stated, (Jenied 
that they ever inosculate or anastomose until they 
arrive at their final distribution. In appealing to 
nature for a solption’of this disputed point, we find 
Grew’s opinion so far correct, that the vascular 
fasciculi of the costae, which are given off from the 
midrib, are separations fifoto the petiolar fasciculi 
in their progress towards 'the apex of the leaf ; and 
that the fasciculi forming some of the secondary 
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cost£e, also, are separated in a similar manner. 
But in the smaller ramifications, we perceive that 
many of the fasciculi are connected with each 
other at nearly right angles; and in these in- 
stances the vessels are not separations from the 
larger fasciculi, but are distinct and merely applied 
in a peculiar manner to the sides of those from 
which they seem to arise; as can be readily demon- 
strated by dissection, with the aid of the micro- 
scope. In this minute portion of a leaf of the Lilac, 
sliced from l)etween the cuticles, and examined, 
l)y transmitted light, under a very high magni- 
fying power, we observe that, in tlie smaller fasci- 
culus (g. 28.), which is composed of seven spiral 



ves^ls, and united nearly at a right angle with 
the larger fasciculus (A.), three of the vessels 
(a.) form a curve upwards, and three (6.) a 
curve downwards, before they unite with the 
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larger fasciculus; while the central vessel (c.) 
seems to terminate in a straight line on the side 
of the vessel 3, which is one of those composing 
the larger fasciculus. In this case it is* evident that 
the smaller fasciculus is not a separation from the 
larger ; but is joined to it by a species of anasto- 
mosis ; which, in the central vessel, is effected in 
a direct manner by the application of its extremity 
to the side of the vessel on which it terminates; 
and, in the other six vessels, in a less direct man- 
ner by the lateral application of a portion near the 
extremity of each vessel, before it curves outwards 
to the particular vessel on which it terminates. In 
other leaves, as in those of the garden Lettuce for 
instance, in which single vessels are often united to 
large fasciculi (a. h. c. 29. page 581) and toother 
single vessels (a. b. c. 30 . page 581), the nature of 
the first species of anastomosis, just described, is 
still more perceptible. One of these examples 
( 28 .) demonstrates, also, that the proper or re- 
turning vessels (d. e.f.f.) unite in the same man- 
ner as the spiral. 

Whether the communication of the cavities of 
these united vessels be direct, as in the vessels of 
animals, so as to allow the fluids they convey to 
flow in an uninternipted stream from the one to 
the other, I have not Jjeen able to determine. It 
is, however, evident that in the leaves of dicotyle- 
dons, as in those of monocotyledons, all the vascu- 
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lar ramifications of the foliar expansion ave not pro- 
longations of the vessels forming the petiolar fas- 
ciculi ; but that many of them are distinct vessels 
anastomosing with others, although in a different 
manner from this kind of union as it occurs in ves- 
sels in animal bodies. It is probable that the in- 
osculation which occurs in the proper or return- 
ing vessels, more nearly resembles that which we 
find in vessels of animals ; for, *as the proper ves- 
sels are simple membranous tubes, any commu- 
nication between them must Ife by direct openings, 
such as are found to exist in the vessels of Mar- 
chantia (see i)age 550). 

2. The thick and Jleshy leaves of dicotyle- 
donous plants are seldom petiolated ; but when 
they are so, the arrangement of the vascular 
fasciculi, both in the petiole and in the expansion, 
closely resembles that of the thin membranaceous 
leaves. The sessile leaves of this division are ge- 
nerally thicker and more succulent than the pe- 
tiolated. If we take the genus Meserabryan- 
themum, as affording specimens illustrative of the 
character of these sessile leaves, we find that the 
vessels pass from the stem into the leaf in one or 
more fasciculi, according to the figures of the 
leaves. Thus in the Hatchet-leaved Mesembryan- 
themum (M. Dolabriforme), the leaves of which 
are connate, the sap-vessels enter the leaf in one 
bundle, which extends in the direction of its 

p p 4 
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axis, the whole length of the leaf, giving off in its 
course a few thread-like branches only at consi- 
derable inter\^als; and as this vascular fasciculus 
and its ramifications are situated in what may be 
termed the pith of the leaf, and are, consequently, 
imperceptible on its surface; this description of 
leaves appears to tlie unassisted eye Restitute of 
vessels'. These organs are, indeed, comparatively 
few in succulent leaves ; and are less necessary 
than in membranaceous leaves ; for, as succulent 
leaves either exhale Very little moisture, or absorb 
a considerable quantity from the atmosphere by 
their surfaces, the nutriment of the plant, in the 
first case, is sufficient although the fluids taken up 
by the roots be comparatively scanty ; and, in the 
second, it is supplied, independent of that which 
may be furnished by the roots, by cutaneous ab- 
sorption. In the leaves of the broad-leaved species 
of Mesembryanthemum, and in similar succulent 
leaves, the vessels enter the leaf in several distinct 
fasciculi; which diverging, pass on in nearly 
straight lines, giving off a few bundles only in their 
course ; but as they approach the apex of the leaf, 
whatever its form may be, they divide, subdi- 
vide, and inosculate as in thin leaves ; and the 
proper or returning vessels accompany and sur- 
round the spirals in all their divisions. In the suc- 
culent leaves of dicotyledonous plants, also, we 
find the same system of tubular cells, between the 
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pulp and the-cuticle, which we described in the 
Aloe (page 564); and in the* leaf of flie Mesemsi 
bryanthemum, under examination, we perceive 
these tubes commencing immediately under the 
cutis, and terminating generally in the cells of 
the central pulp ; but sometimes in follicles, which 
are botli very irregular in form, and of vcr^ dif- 
ferent dimensions. It is probable that part of the 
fluid taken up frora^the atmosphere passes at once 
into the central cells, the contents of which are 
(colourless, while another part remains in the tu- 
bular cells, and undergoes that change, which is 
the usual result of the agency of light on the 
juices of all leaves exposed to its influence. The 
green colour of the fluids contained in these cells, 
marks out their limits, irf^ transverse section of 
the leaf; even to the naked eye. 

The structure of the vessels in succulent dico- 
tyledonous leaves is the same as in all other leaves. 
The conducting vessels are spiral tubes, of the 
same diameter at the apex as at the base of the 
leaf; and the proper or returning vessels are mem- 
branous, and apparently perforated, although their 
transparency renders it difficult to determine their 
real character. The ramifications are all given off 
at acute angles; and appear to be merely separa- 
tions from the caulinar or pjetiolar cluster, as Dr. 
Grew supposed was the case in all leaves ; at least 
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they do not anastomose until, as I have already 
stated, they approach the apex of the leaf. 

In this view of the arrangement and struc- 
ture of the vascular system of the leaf, I have 
not noticed those cutaneous vessels which Hed- 
wig has described as lymphatics; but the exist- 
ence of which has been denied by Mirhel and 
others. If admit their existence, these ves- 
sels must undoubtedly be r%arded as forming 
a part of the vascular system of the leaf, and 
ought now to be described; but as this involves 
a knowledge of the entire cuticular system, the 
consideration of this point must be deferred until 
we examine that system. 

II. Cellular system of the leaf. On cutting 4 
thick, succulent leaf timnsversely, we immediately 
perceive that it consists chiefly of a pulp r which, 
when placed under the microscope, or examined 
by a good magnitying glass, is evidently com- 
posed of cellular tissue. Extending our inquiries, 
we find that this substance forms a large part of 
the structure of leaves; filling up the meshes of the 
network formed by the vessels in the thin and very 
vascular leaves ; and, in all, occupying that space 
which separates the two cuticular layers, which 
constitute the upper and the under disks of the 
leaf. 

The cellular substance of leaves difiers very 
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considerably in density ; but this diversity depends 
more on the quantity and quality of the juices thi 
cells contain, than on any diversity of structure 
in the cells. To the same causes, also, may be 
attributed, in a great degree, the variety of figure 
which these cells exhibit : for, although they are 
in some instances globulw, or nearly so; and in 
others triangular ; or more or less regularly hex- 
agonal ; yet, it is pitobable, that the majority are 
originally spheroidal vesicles; and that the va- 
riations from this figure depend on the turgescence 
of the vesicles, and the consequent compression 
which must necessarily result from their conti- 
guity. The hexagonal figure being that which 
spheroidal vesicles, mutually comprising one an- 
other, are naturally disposed to assume, we find 
that a more or less regular hexagon is the most 
common form of these cells; and this figure is 
generally more regular in the cells forming the 
centre of the substance of the leaf, owing to these 
being there more distended with fluid, than in 
those towards either of the cuticles. 

# 

But that the divereity of figure in the cells 
of leaves does not, altogether, depend on. me- 
chanical compression, is evident from the feet, 
that those towards the upper disk of the leaf 
often differ in form from those towards the un- 
der disk; and yet in both these situations we 
may suppose the compression to be nearly equal. 
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This difference, as shall afterwards be explained, is 
probably necessary for the distinct functions of 
these two surfaces ; and thence, in every attempt 
to theorize on the structure of parts, the pro- 
priety of keeping in view the fact, that plants as 
well as animals are livin^beings, and consequently 
not regulated by those laws which control the. 
configuration of inanimate matter. No plant is 
better adapted than the Christmas Rose, Helle- 
borus niger, to demonstrate this diversity of cel- 
lular structure in the same leaf. If we examine 
a thin transverse slice of a leaf of this species 
of Hellebore, with a good magnifying glass, wc 
perceive that, irftmediately under the cells of the 
cutis (3 1 . a.), which are large and oval, there is a 
range of tubular cell^ {b.) terminating in the true 
pulp or parenchyma of the leaf (c.) ; which con- 
sists of irregular hexagonal cells, and occupies the 
whole of the space between the tubular cells and 
the cuticle {d.) of the under disk of the le^. Under 
the highest power of the microscope, we find that 
.these tubular cells (32. b.) have apparently a di- 
rect communication with the cells (o.) of the 
cutis ; and also with the range of cells (e.) im- 
mediately beneath them: but in neither are 
the mouths open, for, a membrane bounds the 
oblong cell in every direction. In the trans- 
verse section of some leaves, as fort* instance those 
of Calla ^thiopica (33.), which is an aquatic 
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plant, we find several ranges of tubular cells 
{h.) commencing under the cutis (a.) of the su- 



perior disk. Some of these terminate in the hex- 
iigonal cells {d.), and othei’S in empty cavities 
{ f.f.), such as are present in the leaves and the 
petioles of all aquatic plants, and wdiich, being filled 
with air, seem intended for enabling them to rise 
above or to float on the surface of the water. 
Under the microscope these tubular cells ( 34 . b.) 
in the leaves of Calla, re.semble a chain of short 
vessels, with valvular partitions; and were, in- 
deed, erroneously regarded as such by Malpighi 
and Leuwenhoek, who observed them in the 
stem. But these cells are not furnished with open 
mouths, nor with valves, neither where they 
originate in thecuticular cells ( 34 . a.), nor at their, 
union with each other, nor where they termi- 
nate {d.) in the common pulp of the leaf ; and 
this is the case, also, in all leaves furnished with 
tubular cells. When the tubular cells are cut 
transversely, they appear to be of an hexagonal 
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figure ( 35 .), and not round, as might be sus- 
pected from their longitudinal aspect. Sprengel 
and some others have stated that the cells in all 
leaves are elongated near the upper surface ; but 
the simple inspection of many leaves is Sufficient 
to refute this statement. Among the succulent 
leaves, even, in which the tubular cells are more 
frequently met with than in membranaceous 
leaves, they are not always present ; as, for in- 
stance, in the leaf of Hoya carnosa, the only dif- 
ference between the upper and under disk of which 
is in the stracture of the cutis, which on the su- 
perior surface (a. fig. 16, Plate 10) is a sample 
tmusparent pellicle^ while on the inferior (b. ibid.) 
it is cellular ; and in the cells neai- the upper 
disk being filled with a greener and more opaque 
juice than those near the under disk. 

■ With regard to the individual structure of the 
cells constituting the parenchyma of leaves, we 
find it is the same as that of the cells in the other 
parts of the plant. Each cell appears to be a dis- 
tinct, transparent, membranous vesicle, formed 
into the figure it displays by the pressure of the 
contiguous cells, and thence, the partition sepa- 
rating each cell, must be a double membrane. 
This is more evident in the microscopic examina- 
tion of the cellular substance of some leaves than 
of others; thus, in this minute portion (36. page 
2 
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589), taken from the leaf of Iris Germanica, 
we perceive that not only the cut edges (c.) of 
the cells appear double; but that where some 
of the cells deviate from the hexagonal figure, 
there are evident interstitial *spaces (a. d.) be- 
tween them, which if the cells were not distinct 
vesicles would not •occur. These interstices have 
been noticed by Leuwenhoek, Treviranus, Com- 
paretti, and M. Kieser; tbe last of whom sup- 
poses them to' exist at every angle of every cell, 
and by their conjunction to form canals which 
surround it ; and to tje the only passages by which 
the fluids are conveyed through the cellular sub- 
stance*. It is unnecessary to point out the im- 
probability of this opinion ; and it is sufiicient for 
our purpose to demonstrate the existence of these 
interstices, to prove the double nature of the in- 
tercellular partitions. I'his is very evident in the 
elongated cells, which v/e have seen exist near 
the upper disk of many leaves; and in the spaces 
formed by the conjunction of these only, have 1 
been able to perceive any resemblance to the in- 
tercellular canals of M. Kieser. 

A question arises in consequence of the sup- 
position that each vesicle is a distinct sac: — ^in 
what manner do the cells communicate with each 
other, and with the vessels which they surround? 


* Mem. sur I' Organisation ties Plantes ^ p. 20. 
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Malpighi, aware of the necessity of an explanation 
of this point, maintains that a small tubular pro- 
duction {a. a. 37.) issues from each cell or vesicle, 
by which it communicates with the contiguous 
cells {b. b.), and w^th the vascular system of the 
leaf (c. c.); and has given a microscopic repre- 
seatation of this cellular structure in tlie Cactus 
(37.) to illustrate his position. A similar idea 
was entertained, also, by M. de Saussure, who 
describes the cellular part of the leaf as a con- 
geries of minute transparent vessels, which are so 
dilated between their junctions as to assume the 
appearance of cells or vesicles. But, notwith- 
standing the high authority advancing this opi- 
nion, my observations prevent me from according 
with it: since in no leaf, which I have examined, 
have I been able to detect these communications. 
In the Cactus, if we select a small portion of a 
vessel with some cellular matter adhering to it, as 
in the minute morsel ( 38 .), under the microscope, 
before us, we perceive that the cells {b. b. h.) are 
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in close contact with the vessel {a. a.), but neither 
spring out of it, nor appear to have any direct 
communication with it; and that neither the elon- 
gated cells (h.b.h.b.h.), nor the spheroidal (d.d. d.), 
appear to communicate with one another by any 
tubular production. The transparency of the cellu- 
lar membrane produce's an appearance (c. c». e,r. c ) 
at the points of contact of the cells, which nnght 
be mistaken for small tubes, but which arises from 
the imf)ression of the contiguous cells upon one 
another. Even in that peculiar modification of the 
cellular structure, which is found immediately with- 
in the cutis of the inferior disk of some leaves; and 
in which the cells assume the appearance of ana- 
stomosing tubes (3p.), none of the tubular connect- 
ing processes, described by Rlaljughi, are perceived; 
nor do these cells a])pear to communicate directly 
with the vessels which they surround. As this is the 
most curious modification of the cellular structure 
of leavtfs, 1 shall demonstrate it to you as it 
appears in the floral leaf of Helleborus viridix, 
which I select for this purpose, from its being 
almost devoid of colour. In the minute portion 
before us, as it apjtears under the microscope, we 
perceive the range of cells c. e. (3{i) closely ap- 
plied to the proper vessels d. d. but not communi- 
cating wfith it; the cells c.c.c.c. assume various, 
forms, but all are apparently tubular ; and, where 
they arc more transparent than common, we dis- 

o 0 
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tinctly perceive the nature of their conjunction 
(b.b.); but no projecting tubular processes. The 
spaces, such as a. u. are filled with air in the same 
manner as the vacuities in the leaves of aquatic 
plants. In what manner then do the cells commu- 
nicate? To answer tliis question properly, we ought 
to iu\,dtirstand the structure of the intercellular 
membrane. But here our instruments fail, if 
they do not mislead us; and, under glasses of the 
highest power, this membrane apja'ars dillerent 
under different ci renin stances: by transmil ted light, 
it seems a simple, unorganized, transparent pel- 
licle; but, by reflected light, is evidently porous, 
I have already stated my belief that the cells of 
the stem communicate by pores, and I see no 
reason for altering this opinion with regard to 
those of the leaf; although I do not concur in 
opinion with M. Mirbel and Sprengel, that the 
form, position, magnitude, and number of thesi; 
pores can be determined. An ojiinion has been 
advanced, that the fluids may be transmitted 
from cell to cell, “consistently with the integrity 
of the cellular structure,” bv the exercise of the 
alternate functions of secretion and absorp- 
tion;” but these functions inqffy the existence of 
either glands or vessels connected with the absorb- 
ing and secreting surface, which are, however, 
even less demonstrable than the pores, l.'pon the 
whole, the question is still unanswered ; and all 
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that we certainly know of the subject is, that the 
fluids are transmitted from cell to cell, through 
every part of the vegetable system, although the 
structure by whi(;h this is accomplished remains 
undisco VC re<l. 

\\ hatcver may be the mode in which the cells 
communicate with one another, their contVnlsare 
more or less fluid or solid, according to their situ- 
ation in till' thickness of the leaf. Thus, in thin 
leavt's the cells n('ar the inferior disk are more trans- 
parent, ow ing to their contents being more fluid 
than those near the nj)j)er disk; but in both we per- 
ceive a immher of granules, which are more opaque 
and of a deeper green, as the cells containing them 
approach the upper disk. In succulent leaves, and 
tlu»se which maintain a vertical position, the 
o|)aeify and green colour of the grannies, are the 
same towards every face of the leaf; but they are 
generally colourless in its centre. In the cells, 
also, of some leaves, regular crystallized salts are 
found; ami in others the fluids are tinged of dif- 
ferent hues besides green; in which cases the 
leaves tluunsclves display the same hues on one 
or both sni-faees. 

The .v/;e of the cells varies in different leaves; 
in some, even when examined under the most 
I>owerful glasses, they appear like the smallest 
vesicles; while, i)i others, they are so large as to 
be perceptible to the miassi''fed eye. 

o Q - 
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I have already demonstrated to you the exist- 
ence of large vacuities in the foliar parenchyma of 
the leaves of aquatic plants. Mirbel regards these 
as accidental productions, rents or defects in the 
cellular texture; an opinion, however, which is 
instantly refuted on a minute examination of these 
party. ‘If we place a portion of the petiole, or any 
of the larger costae of an aquatic, tliis thin trans- 
verse slice, for example, of the petiole of Trapa 
natans (fig. 12, Plate 10), under the microscope, 
we perceive that the vacuities have a symme- 
trical arrangement around the centre (c.), which 
is vascular and consequently more opaque than 
the x'est of the slice; and that some of the va- 
cuities are open (a. a.), while others {h. h.) are 
closed. The membrane which covers some of the 
vacuities as they appear in the slice (fig. 12.) 
before us, is a diaphragm, which, as it forms the 
roof of one cavity, is also the floor of another ; and 
it is owing to these diaphragms not being all on the 
same plane that some of the vacuities appear de- 
void of them, in the transverse slice of the petiole 
of the leaf of any aquatic plant. The, intimate 
structure of these diaphragms is seen in a highly 
magnified view of one of them, as represented at 
fig. 13, Plate 10 ; in which h. shows that the dia- 
phragm consists of regular hexagonal framework, 
with the intervening membrane either perforated 
or studded with small transparent, amylaceous gra- 
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miles ; and a. that the lateral partitions between 
the cavities, apparently consist of square cells, 
when transversely divided, as in the figure before 
us, although they are hexagonal, when viewed 
laterally, as in the diaphragm. Each cavity is 
lined on every side with a thin pellucid pellicle, 
closely resembling the external cuticle ; and 
frequently hairs, knobs, and similar cbticular 
productions are found projecting into these cavi- 
ties. Kieser, who is the only author who has no- 
ticed these bodies, remarks that he had sometimes 
observed, in the cavities of Calla /Ethiopica, small 
globular, pedunculated bodies ; which, springing 
from the sides, project towards the centre of the 
cavities ; but, according to my observations, they 
are more common in those of Typha, Equisetum, 
and Nymphcea, in the latter of which they closely 
resemble the branched hairs (see Plate 9, fig. 14.), 
which form the tufted pubescence on the under 
disks of some leaves. 

In closing this view of the anatomy of the 
cellular system of leaves, I have to remark, that 
although it embraces the more common varieties 
that are met with, yet it is probable that, in the 
vast range of the vegetable kingdom, many other 
diversities of structure of the cellular matter exist. 

From these inquiries into the structure of the 
vascular and cellular systems of leaves, the affinity 
which exists between the stem and the leaf is very 



698 CONSERVATIVK (MU5ANS. [lRCT. X. 

obvious. In the stems of monocotyledons, the 
vessels run nearly in straight lines in distinct fas- 
ciculi, embedded in a cellular pulp; and a simi- 
lar vascular arrangement presents itself in the 
leaves of this tribe of plants. In dicotyledons, on 
the other hand, the vascular fasciculi of the stem 
are not distinct, but form a reticular tissue which 
covers the whole circle of the stem ; and, in like 
manner, in the leaves, the vessels ramify in every 
direction, forming a most complicated and beiiii- 
tiful network, the interstices of which are filled 
with the cellular pulp. The leaf, therefore, may 
be regarded, in some respects, as a mere expansion 
of the stem; and, consequently, in ai)hyllous plants, 
we perceive that the stem is adapted to perform all 
the functions of the leaf. The internal structure 
of the floral leaves or hractecc, and of those more 
temporary foliar appendages, which are termed 
stlpulw, is nearly the same as that of the real 
leaf ; even the scales that envelop buds, and which 
are always described as deriving their origin from 
the cortical part only of the stem, and consisting 
chiefly of cellular matter, have in every respect 
the same structure, as leaves, as far, at least, as 
relates to their vascular and cellular systems. 
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LECTURE XI. 

op THE CUTICULAR SYSTEM OF JUEAVES: USE OP 

THE CI.’TIOULAR APERTURES. OF THE APPEND- 

AGES OF THE .STE.M AND LEAVES — PUBESCENCE 

THORNS — PRICKLES GLANDS PROPS * — ?USES 

OF THESE APPENDAGES. 

K.VERY leaf is covered with a real skin or epi- 
dermis, which not only guard.s the vascular and 
the cellular matter from external injury; but 
is the medium l)y which it performs the important 
functions of absorption and exhalation. In the 
majority of leaves, the epidermis can be separated 
from tlie parts it covers: and appears to be a 
compound organ, or to consist of two distinct 
layers; the exterior ot which is a fine, transparent, 
apparently unorganized pellicle, and the interior 
vascular and cellular. But the opinions and de- 
scriptions of phytologists are at variance on this 
subject. Grew*, Malpighi -j-, Du Hamel Des- 
fontaines^., Mr. Keith ||, M. Kieser M. Mirbel 

Anat. of Plants^ p. G2. 
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and some others, have described the cuticular co- 
vering of leaves as a simple body ; while M. de 
Saussure*, Mr. Francis Bauer and M. De- 
candolle:}:, concur in the opinion whicfi I main- 
tain of its compound nature. Let us examine 
the proofs upon which this is founded. 

The true epidermis, or the delicate pellicle 
whicli forms the outermost covering of the leaf, 
can be readily demonstrated in any small portion of 
the cuticular covering carefully raised by the point 
of a lancet, and placed in a drop of w atcr under a 
powerful microscope. In this small poiiion, taken 
from aleafof Dianthus Caripphyllus,\i isseen {a. io. 
page 602) extending beyond the area of the meshes 
{b. b.) of the interior cuticular layer, which are 
seen through it, and is evidently a simple pellicle. 
But Mr. Keith §, who admits that it may be seen 
in this manner, supposes that its individuality is 
not proved by such a demonstration, as the meshe.s, 
the intervals of which it might originally have filled 
up, may be accidentally obliterated ; but, although 
there is some plausibility iu this objection, yet, 
when we take this appearance in conjunction 
with the double character observed in the trans- 
verse section of the cuticular covering of every 

♦ Encyclop. Method, i, 67. 
t Tracts relative to Botany. 

X MSm. de llnst. Nat. 1. 351. 
i Syst. of Physiol. Dot. roJ. u p. 
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leaf which we have examined, there is sufficient 
reason for believing that it is as much a distinct 
layer as the cuticle in the human body, although, 
in the leaf, it cannot be readily detached from the 
interior layer of cutis. It is described by Saussure 
as being perforated by the slits or pores which, I 
shall soon demonstrate to vou, are found on one or 
both of the surfaces of every leaf; but we ^shall 
find, on minutely examining these, that it is not 
perforated by them, but enters into them, as well 
as into every gland opening on the surface of a 
leaf, as a lining membrane ; and is, in fact, the 
covering of every part of the vegetable texture, 
which would otherwise come in contact with the 
air. If, however, it cover every part of the sur- 
face of the leaf, and is an imperforated mem- 
brane, by what means, it may be asked, does the 
fluid which exhales so freely from the leaves es- 
cape? It is certainly not easy to answer this ques- 
tion ; but as we can scarcely form an idea of a 
membrane perfectly free from pores, even in a 
living body, transmitting fluids ; we may conclude 
that, although no pores are visible in this mem- 
brane, even when it is examined under the mi- 
croscope, yet, it does not follow that no pores 
exist ; and, in accounting for the transudation of 
the fluids, which the leaf throws off, we must 
always bear in mind, that the functions of living 
bodies are influenced by different powere from 
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those which regulate the operations connected 
with inert matter. 

The second or interior cuticular layer is seen 
through the epidermis, and consists of a vascular 
network resting upon a layer or layers * of cells. 

Taking the same portion of the cutis of Dian- 
thus Caryophyllus ( 30.) to demonstrate the super- 
ficial slj'ucture of this layer; we find that, except 
within the boundary of th^ detached epidermis 
(o. a.), the whole is spread M'itli a network of ir- 
regular hexagons formed by lines which appear 
double, and terminate in a ring surrounding a 
slit or oblong pore (c. c.), which occupies the centre 
of one of the longest bounding lines of almost 
every alternate hexagon. The same appearance of 
the interior layer of cutis is seen on both surfaces 
of the leaf of Diaiithus ; but, as I stiall afterwards 
demonstrate, this is not the case in the majority of 
leaves-f*. If we now place a very tliin transverse 



* Mr. F. Bauer describes the cuticle of a species of Hae- 
manthus as composed of several layers of cells. See Tracts 
relative to Botany, Lond. 1805. 

t In Plate 10, figure represents a portion of cuticle 
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slice of the leaf of Dianthus under the micro- 
scope, to examine this layer in its thickness, we. 
can readily distinguish it {b. 41.), by the form of 
its cells (c.) from the parenchyma (d. d.) upon 
which it rests; and, also, from the epidermis 
{a.) which covers it; for, in this leaf, the cells of 
the parenchyma assume an oblong form im- 
mediately under the cutis, wdiereas the (;ells of 
the cutis are irregular spheroids, and the simple 
layer (tf epidermis is remarkably distinct. 

Whether these; cuticular cells have any direct 
communication with the oblong cells beneath 
them, I have not been able to determine; but in 
sejiarating the cutis, by tearing, some of the ob- 
long cells always ;idhere to it; and, when viewed 
through it, by transmitted light, appear like a 
smaller cuticular network {d. d. 40.), filling up 
the larger meshes. These might be mistaken for 
the cuticular cells; I ut the transparency of the 
cutis prevents its cells (e. 4 1 •) from being visible 
in a superficial view of the organ. In this trans- 
verse section of the leaf of Dianthus (41.) the dis- 
tinct nature of the epidermis (a.) is perfectly evi- 
dent, both as a covering to the true cutis (b.) and 
as lining the slits (e.), one of which is here di- 
vided lengthways. 

taken from the under disk of the leaf of Hoya carnosa; and 
figure I', a portion from the upper disk of the same leaf. Both 
are magnified about dOO times. 
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The lines forming the meshes which thus cha- 
racterize the cutis of leaves, were first described 
by Hedwig as vessels, originating in the circum- 
ference of the pores; an opinion which is sup- 
ported by the elder M. De Saussure and M. 
Kieser; and which is confirmed by tlie microsco- 
pical examination of a portion of the cutis of any 
leaf. Remarking the facility with which this part 
of the cuticular structure can be demonstrated, our 
surprise is excited that Sprengel, Link, Mirbel, 
Jurine, Krocker, and others, should have ad- 
vanced the opinion, that these reticulations form 
no part of the real structure of the cutis, l)ut 
are merely the adherent fragments of the sides of 
the subjacent cells : for, as I have already demon- 
strated, the parenchymal cells are much smaller 
than the cuticular meshes ; and, when the cutis 
is sufficiently transparent, they are seen through 
it very distinctly ( lO. b. b.), but not at all coin- 
ciding with the sides of these meshes. Admit- 
ting, therefore, that these lines are lymphatic 
vessels, it is not improbable, as M. Kieser has 
asserted, that they terminate by one extremity 
in the larger vascular fasciculi ; but on this point 
I have not been able to satisfy myself. The 
meshes, which they form, differ very much, both 
in form and size, in different leaves*. In al- 

* Mirbel, reasoning from the false opinion which he had 
formed of the structure of the cutis, observes, “ les differences 

2 
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most all the monocotyledons, in the Grasses, and 
in every plant the leaves of which have parallel 
costae, the meshes are nearly irregular parallelo- 
grams ; but, in forming these, the vessels some- 
times run in straight lines, as in common Meadow 
grass, Poa trivhilis (43.) ; sometimes in slightly un- 
dulated lines, as in the White Lily, Liliuui’rcwrf/- 
rf«7rt(44.); and sometimes zig-zag, as in Indian 
Corn, Zea Mays (fig. 14, Plate 10). In some of tlie 
fleshy leaves they are nearly regular hexagons, 
as on the upper disk of Iloya carnosa (fig. 4, 
Plate 10), and on both surfaces of the leaves of 
Aloe verrucosa (13.) : but, in the majority of di- 
cotyledons, they assume very irregular figures "I*. 


A5 UU 



“ qu’elle presente viennent de la forme des cellules dont elle 
“ faisait partie.*’ — “ Les parois cellulaircs restant attach6es a 
“ r^piderme, y dessinent de petits compartimens dont la forme 
indiquecelle du tissu cellulaire lui-ineme. Tantot ce sont des 
** parallelogrammcb plus ou moins reguliers, tantot des hex- 
“ agoncsy tantot des polygones divers, dont les cotes sont on- 
dales.*’ Elem. de Phys* veg. 1 par tie, p. 36. 
t This irregularity is well exemplified in common Sorrel, 
Rumex acclosa. In Plate K), tig. 9 represents a minute portion 
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Whatever may be the figures wliich they pre- 
sent in the cutis covering the spaces between 
the vascular ramifications of the leaf, they in- 
variably appear as irregular parallelograms (i(). 
a. a.) * in that which covers the vascular fas- 
ciculi; a fact which gives some support to the 
opinion of M. Kieser, that tlie vessels forming the 
meshes terminate in these fasciculi. The differ- 
ence in the size of the meshes, in different leaves, is 
still more striking tlian in their forms ; hut in all 
they are very minute. On a jiortion of the cutis 
of Aloe verrucosa, - i.;. of a square inch in size, I 
counted ninety-six meshes, or 55,29(5 to the square 
inch ! 

The form of tlie cuticufar cells (. 1 1 , j j. c. page 
602), owing to the cutis being more trans[)arcnt 



of the cutis taken from the upper disk of a leaf of that plant ; 
and fig. 10, a portion from the under disk. 

* This represents a very minute portion of cutis taken from 
the under disk of a leaf of Gardenia lalijolia, magnified .SOO 
times, and viewed by transmitted light. 
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than the epidermis which covers it, can be demon- 
strated only as they appear in a vertical section. 
They are either spheroidal or oval ; and are found 
generally empty, or filled with a colourless fluid. 
I have not been able to detect any immediate com- 
munication between them and tlie cells of the ])a- 
renchyma, or even between one and another’. . In 
the greater number of leaves the cutis contains one 
layer only of cells ; but it may contain several 
layers, as Mr. Francis liauer ♦ lias demonstrated 
is the case in the genus Iljcrnantlius; and 1 have 
foHiui that this is the case, also, in the leaf of 
common Oleander, Nerinm Olcauder. 

The xlit'i or apertures which have been already 
noticeil as existing on one oi' both surfaces of all 
leaves, were first described by Grew as orifices; but 
afterwards regarded by the elder M. De JSaussure 
as glands, and by M. Von Gleichcn, who ex- 
amined them in the leaves of Polypody, as the 
anthers of the Fern tribe. The more correct ob- 
servations of ricdwig and of Dccandolle, however, 
have confirmed the opinion of Grew; and, indeed, 
it is only necessary to examine them, under a good 
microscope, to be satisfied that they are real 
pores -f*. In the leaves of trees anti of some other 

* Tracts relative to liolaiiy, Tond, 180;). 

t It is extraordinary that Senebier, who searched for these 
apertures in the leaves of a great variety of plants, never could 
detect them. Vide Phi/s. vf«. i. p. loti. 
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plants, they are observed on the inferior disk only ; 
but in others, particularly in the Grasses, tlic Coro- 
narise, and the Palms, they occupy both surfaces. 
Some Phytologists have asserted that the lower 
tribes of plants are destitute of pores; but this 
statement is incorrect, as they are easily demon- 
strated in Marchantia and a few of the Mosses. 
Plants w’hich have no leaves, such as the Cactus 
tribe and many of the Rushes, and some of 
those, also, which have leaves, as the Grasses, 
have pores on the stem ; but in general they are 
confined to the leaves. Those leaves, however, of 
aquatic plants which arc constantly under water 
are destitute of pores; the upper disk only of 
leaves which float on the surface of water possess 
them ; and when a land plant is made to grow 
under water, the new leaves, which are evolved 
under the water, have no pores, although those 
which they have succeeded, or the aerial leaves, 
were furnished with them. Even in [>lants which 
are partly ernersed and partly submersed, as foi- 
instance Ranunculus aquatiais, the leaves that 
grow under the water arc destitute of pores, while 
those which float, or are above that fluid, are pro- 
vided with them. It has, also, been asserted that 
etiolated leaves, or sjich jis arc excluded from 
the light, are destitute of pores ; but there is some 
inaccuracy in this remark, as I have found them 
as numerous on the interior etiolated, as on 
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the exterior green leaves of the common Cabbage 
and the Lettuce. 

These foliar apertures vary very considerably 
in form, size, number, and position, in different 
leaves. They are commonly oblong (40.), but in 
some instances circular (47.), and in the Agave 
tribe p. 611), and a few other families of 

plants, they are quadrilateral. In alinosC all 
leaves they are surrounded by a border, in which 
the vessels forming the cuticular meshes appear 
to terminate. Placing minute portions of the cu- 
ticle of different leaves under the microscope, 
we can readily ascertain the superficial form of 
these pores: the following are the principal diver- 
sities of form which I have observed *. 1. A simple 
slit, more open in the middle than at cither 
end, bisecting an oval shield ; which may, there- 
fore, be termed the oval scutiform aperture, oscu- 
lum scutiforme ovatum, as exemplified on the lower 
disk of the leaves of Sage (48. p. 610), of Lactuca 
f/uerchia (4^.), Dandelion, Leontodon Taraxacum, 
Sweet-scented Coltsfoot, Tussilagoyragron.?, many 
of the Grasses, the common Bean, Vicia Faba, Sec. 
2. A simple slit, bisecting an oval shield enclosed 

• In naming the different kinds of pores, I have assumed the 
fact, that they are respiratory organs, or apertures resembling 
in their functions the spiracula of insects ; but, on account of 
the simplicity of their structure, I have preferred the term 
osculum to that of spiraculuni. 

R R 
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within a ring, wliich I name the annulated scu- 
tijhnn aperture, osculum sctitiforme annulare, us 
seen on the inferior disk of the leaves of Helle- 
horus (51.), the Violet tribe (5'2.), the 



Coffee plant, Coffea Arahiea (53.), the White 
Lily, Liliiun candidum (44. p. 005), Gardenia la~ 
tifolia ( )(). p. 000) ; the common C.’abhage, liras- 
sica oleracea ; the outside of the tnbulai’ leaf of 
Saracenia (54.), &c. 3. An open slit, or an oblong 
pore, enclosed by a simple oval ring, which may 
thence be termed the annulated aperture, osculum 
annulare; as on the inferior disk of the leaf of 
Hibbertia scandei^is (50.), Ivy, Hcdera Helix 
Jacquinia mtscifolia (5(3.), Dianthus Cnrpophpllus 
(40. p. 60*2), Laurns Canariensis, Wolfsbane, 
Aconitum neomontanum. Privet, Ligustrum vul- 
gare, &c. 4. A circular pore in the centre of a 
circular shield, which we may name the circular 
aperture, osculum circulare : as on the interior 
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disk of tlie leaf of common Sori-el, Rumex acetosa 
{a. h. fig, 10 . Plate 10 ), of the Primrose, Primula 
(.•>7.), and, very beautiful, on both surfaces of 
Cactus opuntia (.iS.). 5. A quadrilateral pore, 
osculum quadrilaterdle, surrounded by an ele- 
vated margin, as on both surfaces of the leaves 
of Agave Americana (.)<>.), and of all the other 
species of the succulent tribe to which it l)ck>ngs. 
I cannot avoid remarking, in this place, the na- 
tural separation, which may be traced by tin; 
form of these apertures, between the Aloes and 
the Agaves. In the former the pores are always 
circular {(>0.), and in the latter they are inva- 
riably quadrilateral (j9.)- 



It is impossible to notice all the modifications 
of these difterent species of the cuticular aper- 
ture ; I shall, therefore, only remark, that among 
the varieties of the annulated aperture, we some- 
times find the space between the pore, or the shield 
and the enclosing ring, divided into distinct por- 

H R 2 
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tions ; and occasionally a double ring, with the in- 
tervening space, also, divided into four or more 
equal parts: examples of the first variety are found 
on the lower disk of the leaves of Lilac (dl. p. 
611), of Acuba Japonica (6'i.), Cussonia ///ym- 
flora {(yd.), Hoya carnosa (fig. 3, Plate 10); and 
on the upper disk of the leaf of Rumex ace- 
tosa ‘(fig. 9, Plate 10). The upper disk of the 
leaves of Viola odorata affords an excellent illus- 
tration of the double ring ((>1.). But the most re- 
markable form of the cuticular jiore, which 1 have 
yet observed, is found on the back of the leaves 
of common Oleander, Nerium Oleander. It ap- 
pears, on a superficial view, a simple oval aper- 
ture without any shield, but guarded by hairs 
which cross it in different directions (b'5. a. b.) -. 



and is comparatively much larger than any of the 
other kinds of pores. 

Some writers have ventured to assert, that no 
apertures are found in those plants which are 
generally regarded as composed almost entirely 
of cellular matter, among which Marchantia is 
usually reckoned ; but the incorrectness of this 
opinion can be easily proved, by placing a small 
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* slice of the cutis of Maichantia 

under the microscope. The aper- 
tures are oval, and placed in the 
yg centre of a slight elevation, as re- 
presented in the marginal cut (*). 

In respect of size, pores differ 
considerably in different ^plants ; 
but on the leaves of the same plant their si'ze is 
nearly uniform. The largest, as far as my obser- 
vations extend, are those found on the leaves of 
Oleander; and the smallest on those of the genus 
IVIyrtctP. .‘Sprengel says, that in the Coronariae 
“ their longitudinal diameter is from v,- to -ij 
“ part of a geotnetrical line, and their diameter, 
“ in the cross direction, is from -j-v to part;” 
but in “ the Myrtese, Rosaceoe, Leguminosae, 
“ and Caryophylleae, two hundred of them, at 
“ least, might lie upon a geometrical line-f*.” 

In number the foliar apertures vary, also, in dif- 
ferent plants. The more minute they are, the more 
numerous. On the lower surface of the leaf of 
Gardenia lattfolia, we find an aperture in almost 
every mesh ; but in the Aloe tribe scarcely one pore 
for twenty meshes, and on the leaf of Oleander, one 
among sixty. With regard to position, these aper- 
tures are in some instances arranged in lines from 
the base to the apex of the leaf, and have the same 

t Elementt of the Phil, of Plants, d^c. by A. P. DecandoUe 
nnd K. Sprengfl, § SIO. 
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direction tlirougbout ; but in the majority of 
leaves they have no regular arrangement, and as- 
sume different directions. In herbaceous plants 
we generally find them on both surfaces of the 
leaves; but in ligneous plants they are scarcely 
ever seen on the upper surface. They are never 
situated on the costfe, nor on the edges of the leaf. 

But these demonstrations make us acquainted 
with the superficial aspect only of tlie foliar aper- 
tures, beyond which it is surj)rising tliat no Phy- 
tologist has yet attempted to push his investiga- 
tions; although it is by no means difficnlt to 
determine their structure by tlie aid of the micro- 
scope. Placing a very thin vertical slice of a 
leaf of the Clove Pink, Dianthus Can/opfii/llux, 
cut in the direction of the axis of the leaf, under 
the microscope, we find that the aperture (c. 41. 
p. 602) which is thus divided in its longitudinal 
diameter, is a short cylindrical tube penetrating 
completely through the cutis, and terminating in 
a cul de sac, which is impressed into a vesicle 
(J".) that appears to communicate with the oblong 
cells (d.) immediately beneath the cutis. But al- 
though the aperture penetrates the cutis, there is 
no opening through the epidermis (a.), which, on 
the contrary, enters into the tubular part of the 
pore and lines it throughout. In another slice of 
the same leaf, cut so as to d'vide one of the aper- 
tvircs in its cross diameter (4L'. p. 602), we per- 
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ceive tlmt the vesicle (/!) appears to be double; 
from which it is probable that it is this vesicle, 
seen througlj the transparent substance of the 
cutis, which gives the appearance of the shield 
in the supeificial view of the aperture. As we 
find that, in tiie superficial view of these apertures, 
the cliaracter varies considerably in different 
plants, so this form of tite tube and the vesicle is 
also variously inoditied ; but the general charac- 
ter is nearly the same, with a very few exceptions, 
throughout the vegetable kingdom, as far, at 
least, as my observations extend. Thus in the 
Agave (i<). p. 611), the superficial form of the 
aperture is very different from that in Dianthus 
(40. p. 602); but if we examine it in a transverse 
section of the leaf, although we find the general 
structure of both agreeing, inasmucb as the aper- 
tures of both are lined with the epidermis, pene- 
trate the cutis, and have at their bottom the vesi- 
cular ring; yet we perceive that that of the Agave 
differs from that of Dianthus, in terminating in a 
large dilated cell (HO./.), vvliich is found always 
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filled with air, although it is closely surrounded 
by the oblong cells (e.) of the parenchyma, turgid 
with green juice. In the oblong section, also, of 
this aperture (67.) the vesicular ring {f.) does 
not appear to be simple as in Dianthus, but is 
divided by a duct, in which the aperture (a.) 
seems to terminate, and which apparently opens 
into the air cell ( /’. 6().) ; which is cut away in 
this section ((>7.). 

In the leaf of Oleander the aperture {d. 68. p. 
615) expands into a kind of sac where it pene- 
trates into the substance of the parenchyma (r.) : 
and it is throughout lined with the same kind of 
hairs which guard its orifice ; but I have not been 
able to determine whether its lining membrane, 
which is a production of the epidermis («.), be 
porous; although I have examined it by glasses of 
the highest powers. I may here remark that the 
section of this leaf displays an example of a cutis 
consisting of four layers of cells {h.). Decandolle 
considers that the cuticular apertures arc con- 
nected with the ultimate ramifications of the ves- 
sels of the leaf* ; and, if it be true, that the cu- 
ticular meshes are formed by lymphatic vessels, 
which terminate on one hand in the larger vessels 
of the leaf, and on the other, in the vesicular 
circles surrounding the fundus of the aperture, 
this opinion must be correct. 

Journ. fie Pkys. iii. p. 130. 
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The informatioa we have thus obtained of the 
structure of these pores, induces me to believe 
that they are the respiratory organs of plants. But 
Phytologists have considered them intended for 
the functions of absorption and exhalation* ; and 
even Sprengel, who hints something regarding 
their analogy to the breathing spiracula of insects, 
rejects the idea of their being respiratory organs, 
because “they are not in immediate contact with 
the spiral vessels-^.'’ If, however, it be admitted, 
as 1 have endeavoured to prove, that the spiral 
vessels are not air-tubes, but sap-vessels, this ob- 
jection must fall to the ground. The idea that they 
are absorbing organs, is supposed to gain support 
from the circumstance, first ascertained by Bon- 
net;}:, that leaves absorb more powerfully with 
their lower than with their upper surface; and 
Sprengel remarks that “ the slits are more nume- 
“ rous in juicy plants, which are nourished more 
“ by the surface of the leaves than by the roots**.” 
But 1 reply, that although leaves absorb chiefly 
by their inferior surface, yet, this does not prove 
that these apertures are the absorbing organs ; for 
we find none of them on the lower side of the 
leaves of Nymphaea and other aquatics, which 

» Among those holding this opinion are MM. Bonnet, 
Decandolle, Sprengel, Mirbel, Mr. Ellis, and Mr. Keith. 

f Elements of Ihe Phil, of Plants, ;511. ** Jbid. l.c. 

X Rechenhes sur I'Vsa^e dcs Feuillcs, p. 20. 
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have floating leaves ; although these leaves ab- 
sorb powerfully by their lower surface, and exhale 
by their upper, which is covered witli these aper- 
tures. Decaudolle and Sprengel’s remarks regard- 
ing succulent and fleshy leaves, are also incor- 
rect ; for, in the genus Aloe, which is supi)orted 
chiefly by absorption, the apertures are compara- 
tively few ; and the function of absorption in these 
plants seems to be connected witli a small papilla, 
which rises in the centre of every mesh ; and pro- 
bably acts in the same manner ,a.s radicles on roots. 
It is still more diflicult to accord with the opinion 
that the same foliar apertures perform such oppo- 
site functions as those of absorptioti and exhalation ; 
although there is nothing incongruous in supposing 
that they are both exhalant and respiratory organs. 
That they exhale, was first rendered probable by the 
experiments of Treviranus, who found that plates 
of glass applied to the lower disks of leaves were 
soon covered with drops of water, while they were 
not at all bedewed when they were affixed to the 
upper disks; and Decandolle afterwards proved 
that the aqueous transpiration is greatest in those 
plants which are supplied with the greatest num- 
ber of apertures. The opinion, however, still 
prevailed, that leaves exhale also by the upper 
disk, although the majority of leaves have no 
apertures on that disk; but before yielding im- 
plicit credence to the assertion, that these aper- 
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tores are tlie foliar cxhalants, it was necessary to 
prove that no exhalation takes place when they 
ai-e obstructed ; and to determine this point I 
made the following experiment; — Two twigs of 
Laurustine, each having four leaves nearly of the 
same size, were cut from the plant, and brought to 
the same weight by being placed in opposite scales. 
The lower disks of all the leaves on one twig were 
next brushed over with a composition of mucilage 
of gum arabic and a small proportion of Traga- 
canth ; and when this was dry, each twig was placed 
under a cylindrical glass jar containing air, and 
immersed in a saucei- of water. In a short time the 
sides of the jar containing the twig in its natural 
state, were covered with drops of water; but, at the 
end of two days, not the smallest quantity of mois- 
ture appeared on the sides of the jar containing the 
twig, the apertures of the leaves of which had been 
obstructed by the mucilage. The conclusion to be 
drawn from this experiment is, that that surface 
only on which apertures exist exhales, and conse- 
quently that these apertures are the exhaling or- 
gans. This experiment leads us, also, to draw a 
conclusion from the experiments of M. Bonnet, dif- 
ferent from that drawn from them by that author. 
He concluded that, because the leaves of trees 
which were laid with their lower disk upon water 
remained longer green and fresh than those which 
had the upper disk applied to the water, this fluid 
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was absorbed by the under surface; but if, by 
thus placing such leaves, we obstruct the exhaling 
pores, we can readily see why the leaves will be 
longer withering, since no exhalation takes place ; 
while in those placed on the opposite disk, the ex- 
halants are free to perform their functions, and 
thus einpty the foliar cells of their aqueous con- 
tents more quickly than the absorbents of the 
upper disk can supply them. In stating this ar- 
gument, I do not feel bound to point out by what 
media leaves absorb : although I have already 
hinted my opinion, that this function in the suc- 
culent plants of arid soils is performed by a dis- 
tinct set of organs. A further proof of the truth 
of this conclusion is, that the leaves of herlis, as 
Bonnet himself observed, remain fresh nearly the 
same length of time when placed on either sur- 
face; for these apertures are present on both 
surfaces; and, besides, these leaves sooner wither, 
whichever surface is in contact with the water, 
than the leaves of trees which are laid with 
their inferior surface upon that fluid. 

Were I now to enter fully into the proofs, that 
the foliar apertures are, also, respiratory organs, I 
should be anticipating the arguments which must 
be again detailed, when we come to the consider- 
ation of the general functions of the leaves ; and, 
therefore, I shall at this time, as briefly as possible, 
examine those proofs only which are connected 
with the structure of these organs. 
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All animals that require the presence of air 
for their existence, have some peculiar apparatus 
for producing that change in the blood which has 
been termed its oxygenizement ; and the change, 
so termed, is said to be the result of respiration, 
whether it be performed by lungs or by spira- 
cula. Plants, also, require the presence of air; 
vitiating it, under certain circumstances, in the 
same manner as animals, but, under others, in- 
creasing the proportion of its oxygen : hence 
plants may properly b(^ said to respire, and the 
question arises, by what organs is this function 
performed? Phytologists have generally agreed, 
that the leaves are the lungs of plants ; but still it 
may be inquired, does the whole of the leaf act, 
or in what part of it are the respiratory organs si- 
tuated ? My answer is, that the foliar apertures 
are the actual breathing organs of the plant. In 
support of this position I refer to the situation of 
these apertures, which are never seen on leaves that 
are not exposed to the air ; for the leaves of sub- 
mersed aquatics are devoid of them; even the 
leaves of plants which are not naturally aquatics, 
if they be submersed, soon lose them; and al- 
though some plants of the higher classes, which 
grow in the air, have no leaves, yet, these have 
apertures on the stem, which, in such instances, 
perform the respiratory function. But the most 
perfect plants are furnished with leaves which, 
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from being membranous and from the nature 
of their attachments, are moveable in the air, and 
thence have constantly a fresh atmosphere of that 
fluid applied to their breathing apertures; this 
mobility of the leaf supplying, in some degree, 
the motion of the thorax and the diaphragm in the 
more perfect animals. The plants which have very 
thick and immoveable leaves, on the contrary, or 
which are devoid of leaves, as they resemble the 
cold-blooded and slow-moving animals in their 
tenacity of life, like them, also, require a smaller 
supply of air, and consequently, as we have al- 
ready seen, are less amply supplied with bieathing 
apertures. I have not been able to ascertain whe- 
ther the apertures themselves have the power of 
opening and shutting; but from the appearance 
of the orifices of these organs, as they are seen on 
the leaf of Indian Corn, when very highly magnified 
(see Plate 10, fig. 15), it is not improbable that 
some degree of dilatation and contraction takes 
place, although we cannot determine the fact. In 
structure these organs seem well adapted for the 
purposes of vegetable respiration, when we con- 
sider that the changes effected by this function in 
the sap of vegetables in the leaf are not required 
to be so quickly produced as those in the blood of 
animals ; even of insects of the lowest description. 
The air is admitted through the funnel-shaped 
pore, which perforates the cutis, into a vesicle si- 
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tuated under it ; and which probably communi- 
cates with the cuticular cells, as these are in ge- 
neral found filled with air. The aqueous contents 
of the cells that form the parenchyma of the leaf, 
are thus brought into immediate contact with 
the atmosphere. It is not easy to assign a rea- 
son why these apertures are found on the, under 
disk only of the leaves of trees, while they ap- 
pear on both disks of herbaceous leaves; there 
being lymphatics on both disks of the former 
as well as of the latter description of leaves. If 
any connexion could be traced between the re- 
turning vessels and the apertures, the difficulty 
would be diminished, the situation of these vessels 
being on the lower disk of the leaves of trees. 

With regard to the origin of these apertures, 
M. De Saussure’s and M. Kieser’s observations 
would lead us to believe, that they are merely the 
terminations of numerous vascular processes 
from the larger fasciculi, which, gradually pene- 
trating the cuticle, are thus enabled to discharge 
their fluids. This opinion, however, is altogether 
hypothetical. They are so far essential that they 
are found on every leaf in contact with the at- 
mosphere; their structural characters, position, 
and situation, arc the .same on the leaves of every 
plant of the same species; and their existence 
seems to be influenced by no conditional circum- 
stance except the presence of air; for I have al» 
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ready demonstrated the incorrectness of the as- 
sertion, that etiolated leaves are devoid of aper- 
tures, or at least the remark is not universally 
applicable. With regard to the fact, that they 
are not found on submersed leaves, even of land 
plants which are made to grow in the water, I may 
merely observe, that the leaves produced on such 
plants differ from those which are natural to them, 
not in the absence of apertures only, but in form, 
structure, and functions. 

The knowledge of the structure of leaves en- 
ables us to form a correct idea of the importance 
of these organs in the eeonomy of the plants. 
We find the vessels which convey the .w/> from the 
roots terminating in the leaf, and sj)reading out 
their contents through its cells, to undergo certain 
chemical changes which are essentially influenced 
by the action of the air and light : we find, also, 
a new system of vessels commencing here, which 
take up again the sap thus converted into proper 
juice and conduct it downwards, depositing in their 
course the various secretions formed from it, either 
in the stem or in the roots, as the nature of the 
plant requires; and, in aid of these operations, a 
cuticular system admirably adapted by its trans- 
parency to transmit the rays of light into the foliar 
cells, and by its organic apertures to adtnit the 
air, and at the same time favour the exhalation of 
the superabundant water, which the ascending 

2 
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sap necessarily contains. But, besides fitting the 
sap for yielding the secretions found in the bark, 
wood, and roots of plants, the leaf itself is a 
secerning organ, and contains in its cells and fol- 
licles many secretions useful, undoubtedly, to the 
plant itself; but, independent of that, of the first 
importance in medicine and the arts ; and in 
s!]|)j)lying food for the support of animal life. Thus 
the h a v(‘s {»r Henbane, Hyosciamns Deadly 

’ igfitshade, Atropa Belladouna ; Wolfsbane, Aco- 
nitum Hope//«.v and neomontamim ; Hemlock, Co- 
ninin 7nat'Nl(ifi(m ; F'ox-glove, Digitalis purpurea ; 
the wisole j^eiuis Tohat^co, A’icotimia ; Wild and 
(iardeit Li'tliiee, Lactuca r/mva and satha; the 
genus Thorn Apple, Datum ; Yellow-flowered 
llhododendron, R. ('/irtisaufhum; the Poison Oak, 
Rhus 'r(>.rl((>(l(‘uilrou, and many other plants, con- 
tain alkaline prineipis, which produce v^ery 
powerful sedative and narcotic eft’ects on the ani- 
mal (‘conomy ; and the Prussic acid, a still more 
direct sedative, is present as a secretion in the 
leavt's of the Laurel Cherry, Prunus Lauro-Cera- 
siis. Bitter and tonic principles are found in 
the leaves of the genus Wormwood, yirfemisia ; 
( tentaury, C'hironi.i Centaurium ; Horehound, 
Marrubium vulpare; Marsh Trefoil, Menyanthus 
trifoliata; Garden Angelica, A. Jrchnngelica ; 
Hyssop, Hyssopus nfficinalis, &c. ; astringent in 
those of the Oak genus, Cluercus; Bears Whortle 

s s 
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Berry, Arbutus vva: Ursi; almost the whole of 
the genus Sumach, Rhus; the Tea, Thea; and 
many other genera: and emetic in Asarabacca, 
Asarum Europceum, &c. The purgative proper- 
ties of the leaves of Senna, Cassia senna, and 
of Hedge Hyssop, Gratiola officinalis ; and the 
diaphoretic of Sage, Salvia officinalis, are well 
known. The secretions of some leaves are so acrid 
as to indame and blister the skin when applied 
to it; as those of many of the species of the 
genus Ranunculus*; and of Savine, Jnniperus 
Sabina: on the other hand, some leaves, as those 
of Marsh Mallow, Althea officinalis, and of C'om- 
mon Mallow, Malva sylvestris, afford bland mu- 
cilages; others, as those of Sorrel, Runiex acetosQ, 
and of Wood-Sorrel, Oxalis ucetosellu, contain 
cooling acids: and some again, as those of the 
Mints, Mentfm; Balm, Melissa officinalis; Hue, 
Ruta graveolens; the Cajuputi tree, Melaleuca 
Leucadendron, &c. secrete essential oils, which 
rouse and stimulate the animal system when taken 
into the stomach, or even when applied to the 
skin. As food, men employ a great variety of 
leaves, which yield a bland fecula and saccharine 

* The leaves of R.Jlammula are used for raising a blister 
in the Hebrides. Tliey are chopped and rubbed between hot 
stones immediately before being applied; and generally raise a 
blister in an hour and a half. The leaves of K. sederatus liave 
the same effect ; hut often occasion an irritable sore, which 
cannot readily be healed. 
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matter, or in which the acrid secretions can be 
easily destroyed by cooking; and the number of 
those which might be used for this purpose, but 
are still neglected, is very considerable*. 

No distinct secerning organs have yet been dis- 
covered in leaves, except as relates to some sac- 
charine and resinous exudations and to the essen- 
tial oils; and the organs producing these have been 
termed glands. The exudations give various cha- 
racters to th(^ surfaces of leaves; but the oils are 
preserved in distinct folludes; which, in many in- 
stances, open l)y excretory pores, that are rea- 
dily distinguished from the common foliar aper- 
tures ; and through these they are exhaled, pro- 
ducing the odours for which many leaves are 
distinguished. I should now endeavour to de- 
monstrate the forms and structure of these glan- 
dular organs; but as they are found sometimes 
on the stem as well as on the leaf, I shall not con- 
fine myself to the examination of them as con- 
nected with the leaf only; but as part of the ge- 
neral vegetable appaulages. 

The term appendage is applied to certain or- 


* The leaves of the common Dock, Rumex iiatienlia, were 
eaten by tlie ancients under the name of Lapathum; and are 
still eaten in some places of Germany under the name of Eng- 
lish Spillage. The leaves of R-. scuttztus and of many species 
of the genus Airiplex, were also formerly used as pot-herbs, 
and, indeed, afford very palatable and nutritious food. 
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gans which are occasionally, but not invariably, 
found connected with the universal vegetable 
organs. They are never all present on the same 
species of plant; but which of them soever is 
found on any individual is general to the species, 
and invariably present. All of them are import- 
ant t© the plants on which they are found ; and 
a knowledge of them, besides throwing great 
light on vegetable physiology, is of utility to the 
practical Botanist, in affording characters for 
specific distinctions. The caulinur and foliar ap- 
pendages, or those connected M’ith the stem, 
branches, and leaves, to which we have now to 
direct our attention, may be classed under tfie 
six following heads: Glands, Pubescence, Spines, 
PricMes, Props, Follaceous appendages, and ano- 
malies 

1. Glands, Glanduhv. Linna*us has defined the 
vegetable gland to be “ a little tumour excreting 
“ an liumonr'l*;” l)ut this definition comprehends 
those glands only which are external and elevated 
above the cutis ; and, as m'c find many minute or- 
gans of a structure distinct from the common tex- 
ture of the part on wliich they are situated, and se- 


* i have adopted this term from Mr. Keith, because 1 can 
suggest no better for the classification of the objects intended 
to be described under it. 

f Glandula est papilla liumorern excernens.’’ Phil. Boi. 
$ 84. 
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parating- a p(?culiar fluid, embedded in the cellular 
substance, or half sunk in the cutis, and, if elevated 
above its surface, displaying great diversities of 
form, its exceptionable character is evident. In 
rejecting, hoM'ever, this definition, the difficulty 
of forming an appropriate one must be acknow- 
ledged. A definition formed altogether <m , tlie 
existence of the secretory function, would occasion 
us erroneously to regard *as glandular any jjart 
where the presence of a fluid, distinct from the 
common juices of the plant, might lead us to sus- 
pect the operation of that function, although the 
part should display no organic peculiarity sufficient 
to authorize the application of the term gland to it. 
On the other hand, a definition founded on struc- 
ture alone, or on figure or position, would lead us 
as far astray. Perhaps we shall arrive nearer the 
truth if we take into consideration both structui'e 
and function, and say tiiat n vegetable gland is a 
minute organ, differing in sfrnefure from the com- 
mon texture of the part lehere if /v situated, and 
separating some peculiar matter from the ordinary 

vegetable fluids. 

Guided by this definition, we find glands on the 
stem and leaves, situated both under the cutis and 
on its surface. In describing these organs some 
arrangement is necessary; and in looking into 
books to know what has been done in this way, 
we find that the arrangement proposed by Guet- 
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tard, a French Phytolog^st, who first attempted 
the subject, has been adopted by almost every 
succeeding writer. He describes seven species of 
vegetable glands ; the miliary, the vesicular, the 
scaly, the globular, the lenticular, the utricular, 
and the cup-shaped; but as the cuticular aper- 
tures, which he mistook for glands, constitute 
his first species ; and the thin scales which cove.r 
the fructification of th^ Ferns his third, there is 
sufficient reason for rejecting this arrangement. 
In attempting anotlier, we must first take into 
consideration the situation of tliese minute organs 
as fur as relates to their being under tin^ cutis, 
or exterior to it ; and, consequently, I propose to 
divide them into two classes, internal and external, 
and to subdivide these into genera and species. 

A. The INTERNAL caulinur and foliar glands 
are probably of various kinds, but one only, the 
follicular, has yet been detected. 

1. The follicular gland, glandula follicularis, 
is in the form of a small sac or follicle. It is ge- 
nerally found in the substance of leaves, and is 
furnished with an excretory duct which opens upon 
the under disk of the leaf. It is readily disco- 
vered by its transparency, which gives the leaf a 
punctured appearance when it is held up between 
the eye and the light; as exemplified in the leaves 
of Perforated Saint John’s Wort, Hypericum per~ 
foratum ; All Spice, Myrtus Pimenta ; the genus 
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Citrus, &c. A beautiful variety of this gland 
is observed on the leaf of CofFea Arabica, si- 
tuated in the angles formed by the parting of the 
larger costae from the midrib : its follicle, which 
occupies a space rather greater than the thick- 
ness of the leaf, forms a small elevation on the 
upper disk, and opens on the lower by a laj’ge^ ex- 
cretory pore, guarded by stiff hairs inclining over it. 

The real glandular part of the follicular gland 
is cellular, and forms the parietes of the fol- 
licle, which is the receptacle only of the secre- 
tion; and this, in general, is an essential oil. As 
the odours of leaves depend chiefly on the exhala- 
tion of their essential oil, they arc often regu- 
lated by circumstances affecting the excretory 
ducts of these follicles. Thus the duct being closed 
by the pressure of the cells turgid with saji, in the 
fresh sti-iii and leaf of Sweet-scented Vernal 
Grass, Anthoxanthum odnratum, no odour is per- 
ceived ; but it opens, when these cells shrink, as 
the grass dries, and, then, the agreeable perfume 
which is peculiar to new hay is exhaled. The 
odour is permanent in some plants, as Mint, Sage, 
&c. but very evanescent in others, as, for example, 
in the leaves of Gaultheria odorata, which yield a 
very agreeable odour when fresh, but become 
scentless a few hours after their separation from 
the tree. 

B, The EXTERNAL caulinar and foliar glands 
s s 4 
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are more easily detected than the internal, and 
appear to be more numerous. They may be ar- 
ranj^ed under two genera, the sessile and the pe- 
diculated; and each of these subdivided into 
species. 

a. The sessile gland lies on the surface of 
tlie stepi, or of the leaf, or is slightly depressed in 
the cutis. It comprehends three species: — the 
simple papillary, the compound papillary, and the 
scaly glands. 

1. The simple papillary gland, g^landnla pa- 
pillaris simplex', is usually situated on tlie lower 
disk of leaves; and, in many instances, it appears, 
to the unassisted eye, a mere [)ore, exuding a drop 
of viscous or oily fluid ; but is, in fact, a small 
tubercular elevation. Thus on the back of the leaf 
of Crescent-leaved Passion-flower, Passitiora lu- 
nata, the dark spots seen by the naked <‘ye on each 
side of the midrib, are found to be slightly elevated, 
circular, papillary glands, with an apparent pore in 
the centre (Plate 9, fig. 27. a.) when viewed with a 
good glass ; but when the gland is jilaced under 
the microscope, the pore is tliseovered to be a de- 
pression only, covered with a very thin transparent 
epidermis, which extends over the whole surftiee 
of the gland. In general, however, the papillary 
glands are more conspicuous; and appear, even 
to the unassisted eye, small elevated bodies, with 
a broad base, placed, in some instances, as it were, 
in a socket. Their structure is eelliilar; but the 
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cells are smaller, more regular than those of the 
substance of the leaf, and arranged in circles. 1 
have not been able to detect any vessels passing 
into these glands, nor to discover their excretory 
pores ; except in the sting of the nettle, which is 
the excretory duct of a papillary gland. A va- 
riety of this gland, generally described us^ a dis- 
tinct species, under the name lenticular, glandula 
lentii'ularis, is found on the surface of the stems 
of Stripe-dowered Psoralea, P. glandulosa, and 
of many other dicotyledons. It is a small follicle, 
which generally contains an oily or a resinous 
fluid; and difl'ers from the internal follicular gland 
only in its situation on the surface. 

2. The (compound papillary gland, glandula 
pfipillaruni cDtupo-sita, is best oxemplifietl as it is 
found on the leaf of the Stone Pine, Pinus pinea. 
If we examine the surface of this leaf, with a 
good magnifying glass, we find that it is streaketl 
with whitish lines, on whieh are seen small black 
spots arranged in a regular scries (Plate 9, fig. 
2H. A.). Under the microscope each of these spots 
is discovered to be the excretory pore of a com- 
pound gland, composed of six distinct glandules, 
forming a ring or collar (fig. 28. n. a.) around 
the pore {h.), which generally appears obstructed 
by minute, dark-coloured, terebiuthinous par- 
ticles ; and is seen to be really a pore, only when 
the cutis is very carefully raised. The glandules 
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resemble the papillary glands in some degree, each 
being a slight elevation with a depression in the 
centre; and it is probable that these are the secret- 
ing organs, and, severally, communicating with 
the excretory pore, pour the fluid they secrete 
into it; whence it is exuded: and acquires its 
dark colour by exposure to the atmosphere. 

3. The scaly gland, glandiila sfjuamosa *, re- 
sembles a minute scale attached to the surfaces of 
the leaves on which it is found, as, for instance, 
on that of Rhododendron punctatitm. The under 
surface of this leaf is covered with glands of this 
species, which appear, when viewed with a good 
glass, like small brilliant detachable scales, white 
and shining round the edge and dark in the centre 
(Plate 9, fig. 29. a. a.). Wlien one of these scales is 
placed under the microscope, the white border is 
found to be beautifully fluted (fig. 29. b. b. c.), and 
lying flat upon, but not attached to the surface of 
the leaf ; and to be the loose margin of the scale 
covering the gland, which appears to be a slightly 
elevated paplda, discharging its secretion by se- 
veral excretory pores which open upon the surface. 
The real shape of the gland, however, is that of 
an inverted cone, of which the scale is the base. 

^ I am surprised that the error of Guettard, who gave 
this name to the thin scale which covers the fructificatiorrof 
Ferns, has been copied by Mr. Keith in his System of Pliysio- 
logical Botany. See vol. i. p. 69. 
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It is seated in a depression of tiie cutis, and com- 
municates witii the interior of the leaf by means 
of a duct, which passing through the apef to the 
base of the cone penetrates the cutis. The texture 
of this gland is cellular ; and its secretion is an 
essential oil. The leaves of the Sea-side Balsam, 
Croton Eluteria, furnish examples, also, of the 
scaly gland ♦. ’ 

b. The pediculated gland is elevated from the 
surfaces on wiiich it is found, by an interposed 
pedicle or stalk. It comprebeiuls four species, tlie 
cup-shaped, the kiioh-like, the stipitate, and the 
branched glands. 

1. The cup-shaped gland, glandula eputhifor- 
mis, as its name imports, resembles a shallow cup 
or saucer, supported on a thick, short, footstalk 
(Plate 9, fig. 30). It is found on the petioles of 
some leaves, as, for instance, those of the Nec- 
tarine, Amygdalus Persica, and the Passion- 
flower ; and in the serratures of others, as those of 
the Bay-leaved Willow, Salix pentandra, &c. The 
secretion is generally of a resinous character, and 
exudes from the hollow part of the gland, which is 
devoid of epidermis. This species of gland, like 
the majority of the external glands, is cellular, 
and we can distinctly trace into it a cord of both 

* Sprengel has iigured these in his Elements <>f the Phi- 
losophy of Plants (P. vi. tig. 8); but regards them merely as 
scales. 
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spiral and proper vessels, which, apparently, ter- 
minates in the substance of the gland. 

2. The knob-shaped gland, glandula clavifor- 
mis, resembles a knob or a small nail, which, in 
the language of the artisan, has not been driven 
home. The head, which is the glandular part, is 
slightjy convex on the upper surface; and displays 
a rough striated border, encircling a round flat 
spot devoid of epidermis (Plate 9, fig. 31), from 
which the secreted fluid is discharged. Tlie in- 
ternal structure of this gland closely resembles 
that of the cup-sliaped gland. It is generally 
found either on the stem or the petiole of the leaf, 
or on both in the same plant, as for instance in the 
Castor-oil plant, Ricinus communis. 

3. The stipitate gland, glandula stipitata, is 
so named from being supported on a long slender 
stalk (Plate 9, fig. 15), and is, in fact, a stalked 
variety of the cyathiforin gland. It is the smallest 
of the external glands, and is situated either on tlu; 
margin of leaves, as in (,’roton penicillatum ; or 
on the disk, as in Sun-dew, Drosera rotundi folia. 

4. The branched pediculated gland, glandula 
pediculata ramosa, is a small herais])herical gland 
supported on a branched stalk (Plate 9., fig. 32). 
The appearance of moss on the stem of the Moss 
Rose is produced by glands of this description. 
The individual glands are cellular, devoid of epi- 
dermis, and each is furnished with vessels, wdiich 
are liranchcs of a fasciculus, which enters the 
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gland-bearing stalk at its base. These glands ge- 
nerally secrete a viscous resinous maitter, which 
is also sometimes odorous. 

The minuteness of the vegetable glands pre- 
vents me from attempting to offer you any anato- 
mical demonstration of tlieir structure. They 
have, indeed, been arranged into cellular and vas- 
cular glands by writers who have endeavouredT to 
trace their structure, and who have stated some of 
tlicm to be entirely cellular, and others chiefly 
vascular ; but as we can seari'cly supj)ose that any 
j)art, completely devoid of vessels, possesses the 
function of secretion, we must receive these state- 
ini'iits with caution. With regard to the use of 
glands to the plant, at least as far as relates to 
the conservative organs, we know nothing. They, 
probably, do not play so important a part in the 
vegetable as in the animal economy ; but we can 
hazard nothing more than conjecture on the sub- 
ject. 

ii. Pubescence, Pubescenfia. Under this term 
are included all the kinds of down, hairs, and 
bristle-like bodies, found on the surfaces of the 
conservative organs. They ditter very considerably 
in form and te.vture, and on these differences I 
shall attempt siu;h an arrangement of them as 
may facilitate your knowledge of the subject. 

All vegetable pubescence consists of small, 
slender bodies, which are either soft and yielding 
to the slightest impression, or rigid and corapa- 
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ratively unyielding; the former are, properly 
speaking, hairs (pili), the latter bristles (setw); 
and, therefore, under these two heads every kind 
of pubescence may be arranged. 

A. Hairs, Pili, are fine, slender, cylindrical, 
flexible bodies found on the surfaces of the herba- 
ceous parts of plants. Some of them are the excre- 
tory ducts of glands, a fact which was first de- 
tected by Guettard ; and on which Linnaeus too 
hastily formed his definition of the hair, which 
he describes generally to be “ a bristle-like ex- 
‘‘ cretory duct of the plant but many of them 
are not excretory ducts, and it is not easy to con- 
ceive any satisfactory opinion of their use to the 
plant. In some instances indeed they serve one of 
the purposes which Linnaeus ascribes to them ; 
that of defending the plant from external injuries-^-, 
as we find downy and hairy leaves are not so fre- 
quently attacked by insects as smooth ones; but 
they can be very imperfect safeguards against 
heat, cold, or wind :}:. 

When placed under the microscope, vegetable 
hairs appear to be membranous tubes, articulated 
in the majority of instances, often punctured, and 

* “ Pilus est ductus excretorius plantae setaceus. ’’ Phil. 
Bot. § 84. 

t “ Pubescentia est armatura plantac, qua ab externis in- 
juriis defenditur.’^ Phil. Bot. {163. viii. 

J “ Lana servat plantas ab cestu nimio. Tomentum servat 
“ plantas a ventis.” Phil. Hot. L c. 
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in some plants, as Borago laxiflora, eovered 
with warts. They are either simple or undivided, 
or compound or branched. 

I. Simple hairs (Pili simpUces). The com- 
monest form of the simple hair is that of a jointed 
thread generally too flexible to support itself ; there- 
fore it is more commonly found variously bent and 
waved (Plate 9, fig. 10. a. b.)*. According to*lts 
ilegree of fineness, its quantity and the mode of its 
application to the surfaces of stems and leaves, it 
constitutes the characteristi(;s of surfaces : thus the 
surface is termed hairy (/aYomv j when tin; hairs are 
few and scattered, bat conspicuous, as in JMouse- 
ear Ilawkweed, Hieracium Pilosella; woolly (lana- 
tiis), when they are complicated, but, nevertheless, 
the single hairs are distinguishable, as in Mullein, 
yerbascuvi; shaggy (tornentoms), when they are so 
thickly matted that the individual hairs cannot be 
distinguished ; and when the position of the hair is 
nearly parallel to the disk, being at the same 
time straight or very slightly curved (Plate 9, fig. 
10. c.), and thick although unmatted, it consti- 
tutes the silhy surface, as in the leaves of Wild 
Tansey, Potentilla anserina; Silvery Ladies’ mantle, 
Alchemilla alpina, &c. In some instances the 
simple hair is firm enough to support itself erect; 

* In all the figures of hairs .and bristles in Plate 9, the size of 
the appendage, when viewed with a common lens, is placed 
beside its highly magnified representation. 
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in which case it is usually awl-shaped, and the 
articulations are shorter towards tlie base, as in 
White Bryony, Bryonia alba (Plate 9, fig. 11): 
it does not always, however, terminate in a point, 
hut sometimes in a small knob, as on the newly 
evolved, succulent shoots of ligneous plants, on 
Belladonna, &c. (//>. fig. 12). In some instances 
also, as on the under disk of the leaves of Com- 
frey, Symphytum officinale, and Agrimony, Agri- 
monia Enpatoria, the simple hair is hooked 
towards its apex {/A. fig. l.‘{, 14); which occa- 
sions the veh'cty feeling when the finger is passed 
over the surface of these leaves, the convex part 
of the curve of the hair being that only which 
comes in contact with the finger. Another va- 
riety of the simple hair, necessary to be no- 
ticed, is that which has given lise to the term 
glanduloso-ciliata. It is a slender hollow thread 
supporting a small, cup-shaped, glandular body; 
and is rather to be regarded as a stipitate gland, 
under which name I have already noticed it, than 
as a hair. 

2. The compound hair (Pilus compositus) is 
either feathery ( plumoms), which is a simple hair 
with other hairs attached to it laterally, as in 
wave-leaved Hawkweed, liiei acium undulaturn ; or 
it is branched (ramosus), that is, lateral hairs are 
given oflF from common stalks, as on the petiole of 
the Gooseberiy leaf ; or it consists of an erect, 

1 
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rather firm stem, from the summit of which smaller 
hairs diverge in every direction (Plate 9, fig. 16), as 
in Marrubiiim peregrinum, Melhania Erythroxy- 
lon, &c. ; or it is starlike (stellafus), being com- 
posed of a number of simple diverging awl-shaped 
hairs, springing from a common centre, which is a 
small knob sunk in the cutis {ih. fig. 17), as on the 
leaves of Marsh Mallow, Althaea nfftcninfi.s. Jsonie 
authors have applied the term r amenta to small, 
flat, or stra|) like buirs, which are found on the 
leaves of some of the genus Begoniae ; but I agree 
with Sir E. J. Smith *, that they “do not merit 
“ to be particularly distinguished,” and form 
merely a variety of the simple hair. 

B. Bristles, seta\ These are, also, hollow 
tubes, w'liich are often of a different texture from 
that of the cutis of the leaf; being rigid, sharp- 
pointed, and either wounding the finger when it is 
pressed upon them, or giving a very harsh, sca- 
brous, or prickly character to the surface of the 
stem, or of the leaves when the finger is rubbed 
over them. They are often arranged with prickles 
(aculei), in elementary works; but they have more 
affinity to hairs; and, therefore, 1 have placed 
them under the head of pubescence. They are 
simple and compound. 

a. Simple bristles fsetce simplices) are of two 
kinds, the awl-shaped and the spindle-shaped. 

* Smith’ t Introduction, p. 227. 
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1. The awl-shaped bristle (seta sabidata) is the 
most common of the simple bristles: it is slightly 
curved, and gradually tapering from the base to 
the apex (Plate 9, fig. 18), winch is rigid and very 
sharp. These bristles, when they all incline in 
the same direction, produce the scabrous charac- 
ter ^of some leaves, which is perceived when the 
hand is passed lightly over their surface, from the 
apex towards the base; as exemplified in those 
of Symphytum orient ale, and many other plants. 
A variety of the subulate bristle, found on the 
stem and branches of the Sensitive Plant, Mimosa 
sensitiva, is barbed on its siiles (Plate 9, fig. 19) ; 
and another variety, as exemplified on the leaves 
of Borage, Borago officinalis^ is seated on a ve- 
sicular tubercle {ih. fig. 20), containing a fluid, 
which is ejected through the bristle when it is 
compressed so as to wound the finger; and which, 
being left in the Avound, excites a slight degree of 
inflammation in the part. But the sting of the 
Nettle is the best example of this form of bristle, 
when it is an excretory duct of a gland ; and it 
has, not inaptly, been compared to the fang of 
a serpent. Its structure has been known since 
the time of Hook, who first described it *. It con- 
sists of two distinct parts: one, to employ Hook’s 
language, “like a bodkin, very hard and stiff, 


Mkogrrtphiftf p. 14*2. 
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“ exceedingly transparent, and liollow from top 
“ to bottom ; tlie other, a little bag more pliable 
“ than the bodkin, and within it a cellular struc- 
“ ture, which contains a thin transparent liquid." 
In figure 21, Plate 9, «. represents the hollow 
bristle, with a drop of fluid hanging upon its 
point ; b. the cellular hag or sponge whic^i con- 
tains the poison, and in which, also, it is pro- 
bably secreted. When the bristle penetrates the 
skin of the finger, or any other part of the 
body, it is pressed down upon the sjionge, from 
which a quantity of the liquid is thus squeezed, 
and rising in the tube, is ejected and depo- 
sited beneath the skin, causing the inflammation 
and painful irritation which succeed. 

2. The apindle-sJiaped bristle ( seta fusiformls) 
is, as its name implies, thickest in the centre and 
acuminated at each end. It lies parallel to the 
surface of the leaf, to vidiieh it is fixed by a very 
short footstalk (Plate 9, fig. 22) ; is hollow, and 
contains a coloured liquid, which apparently 
enters it through the footstalk : but I have not 
been able to discover any opening in the bristle, 
through which it could be ejected, as in the sting 
of the Nettle. This form of bristle is peculiar 
to the genus Malpighia, at least I have never 
met with it on any other plants. 

b. Compound bristles (setae compositce) are 
tt2 
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almost always solid. The term coraprelicnds two 
species of bristles; Wic furhed and i\\c fasciculated. 

1 . Forhed\iv\%i\c.^ (setoff urcatw) are, in some 
instances, merely rigid, hairlike bodies terminating 
in two or three diverging points (Plate 9, fig. 23, 
24), as in Thrincia hispida; but in other cases, as, 
for instance, on the stems and leaves of the I lop 
plant, Humulus liqnilus, the stalk of the bristle, 
which is supported on a firm cellular tubercle, is 
very short, and its forking extremities re.scmblc 
two flattish, awl-shaped bristles (Plate 9, fig. 25) 
pointing in opposite directions. 

2. Fasciculated bristles (set(c fasciculataq con- 
sist of a number of simple straight bristles diverg- 
ing from a papillary knob, as in Cactus JlagelU- 
formis (Plate 9, fig. 26). 

There is still another species of pubescence 
that cannot properly be arranged with any of those 
which have been described; it is found on a spe- 
cies of Houseleek, Sempervivum arachidideum, 
extending like a very fine thread, stretching from 
the tip of one leaf to that of another, and resem- 
bling so exactly a spiders web, that the plant 
has been named arachno'ideum. 

The pubescence of plants is liable to be af- 
fected by climate, soil, culture, and other circum- 
stances: thus, to mention a few only of these 
changes. Sweet-scented Woodruff. Asperula odo- 
rata, is villous, or covered with shaggy hairs, when 
it grows in the shade, and scabrous when in ex- 
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posed places: tlie Turk’s-cap Lily, Liluiio Mar- 
tagon, is found covered with rough hairs, or 
hirsute, in the woods, and yet is smooth when 
cultivated in gardens; and some of the Mint tribe, 
as for instance Mentha hirsuta^ naturally hairy, 
are occasionally found smooth; and yet, “ if 
“ transplanted soon resume their former habits*.” 
Notwithstanding these changes, and althoul^h Lin- 
nieus regards distinctions founded on pubescence 
as ridiculous yet systematic Botanists have suc- 
cessfully founded specific distinctions on the di- 
rection of the pubescence; for, as it has been 
justly remarked, although “ the degree of pubes- 
“ cenee. varies from culture, and even its struc- 
tare be changeable,” yet “ its direction is as 
“ little liable to exception as any character that 
vegelat)les present;}:;” and, consequently, in 
treating of tin* hairs and bristles on plants, their 
direction is necessary to be noticed. When the hairs 
are placed in a line on two sides only of a stem, 
the pubescence is said to be bifarious (hifariam 
pilosnu) ; as in Germander, Veronica Channoedrgs; 
its direction is horizontal (horizovtalis) on the 
flow'er-cup in Corn Mint, Mentha arvenifis; and 
on the stems of the common Red Popjiy, Papaver 
Rhoeas ; and patent or sjireading (patens) on the 

* Smith's Introduction, p. 228. t Ibid. p. 229. 

f “ Pubescentia luJicra est difleronlia, cum cultura saepius 
" deponantur.’’ Phil. Hot. $ 272. 

T T 3 
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pedicles of fragrant sharp-leaved Mint, Mentha 
acKtifolia. In these and similar instances the 
direction forms essential distinctions in the spe- 
cific characters of the plants. Indeed, Sir E. 
J. Smith, speaking of the direction of the hairs 
about the calyx and flower-stalk in the Mint tribe, 
says, “ I have found it the only infallible distinc- 
“ tion between one Mint and another.” Hairs are 
said to be ascending (ascendentes) when they are 
directed towards the summit of the part on which 
they are seated ; descending ( descendenfes) when 
towards the base; and appressed (adpressi) when 
they are closely applied lengthways to the part, as 
on the peduncle of long smooth-headed Poppy, 
Papaver diibhtm, which is distinguished from the 
common red Poppy chiefly by this character. A 
very curious effect of the direction of hairs is per- 
ceived in the pitchers or aschUa of Sarracenia, 
and in some tubular flowers. The stiff hairs, in 
these instances, by pointing inwards and tow'ards 
the bottom of the cavities in which they are found, 
perform a service similar to the wires which point 
inwards at the mouth of a mouse-trap, preventing 
insects which enter these cavities from escaping 
out of them. 

With regard to the uses of the hairs, some 
Phytologists have considered them to be tians- 
spiring and absorbing organs. I have already de- 
monstrated that the cuticular pores are the trans- 
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piratory organs of plants ; and, independent of 
other reasons that might be advanced against the 
opinion that they are absorbents, we have only 
to notice the fact, that the succulent plants of arid 
soils, which live almost entirely b}' cuticular ab- 
sorption, arc often ncai-ly devoid of hairs: besides, 
they are observed in the interior of plants, as in 
the vacuities within the stems of aquaticS. where 
their absorbent function, did they possess it, is 
not required. Whether their presence can modify 
the action of light, air, and temperature upon 
plants, has not yet been determined : and we must 
confess that we are still ignorant of the use of these 
minute organs in the vegetable economy. 

iii. Thorns, — These are rigid, sharp- 

pointed processes firmly connected with the tex-* 
ture of the parts on which they appear*. They 
are either simple or compound. The simple spine 
(spina simpte.x ) is a slender tiipering body ter- 
minating in a shar]) point, and covered with a 
bark and cuticle the same as those of the stem or 
the branch; it is, also, generally soZ/Air?/, as in the 
commou Hawthorn (see cut 1, p. 2fi8) and the 
Cockspiir-thorn, Mcspilus o.ii/canf/ui, and Crus 
gain ; Box-leaved Staff Tree, Cclastrus buxifolhis, 
&c. The compound spine (spina annpnsita) com- 
prehends several kinds, which are named accord- 

' Linna'us Jctiiies the thorn thus : “ Spina est mucro plants 
“ e ligno plantar protrusus.” Phil. Bot. J HI. 3, 

tt4 
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ing to the number or division of their parts: thus 
it is termed forked { bipartita) when it is divided 
into two points, or appears like two simple spines, 
united near the base; as in two-spined Arduina, 
Arduina hispinosa: three-pronged (tripartita), 
when there are three points, as in threo-thorned 
Gleditchia, Gleditchia triacanthes ; and branched 
(ramosa), when it is divided into many lateral 
points. 

In respect of situation, tliorns are caulinar, 
petiolar, or foliar. Tliey are said to be terminal 
(tenninales) when they are situated at the termi- 
nation of a branch or shoot, as in Buckthorn, 
Rhamnus catharticu.s ; axillary (^<7, r/Z/tfrej. ), when 
seated in the upper angle formed by the petiole 
of the leaf and the branch, as in the Lemon tree. 
Citrus mediva; snperaxillary ( sapera.ri Hares), 
when a little above that angle, as in Gleditchia 
triacanthes ; and subaxillaiy (inferaxillai e.-i), when 
in the opposite situation. 

The anatomical structure of the thorn is, with 
a few exceptions, the same as that of the branch 
on which it remains as a part, after the bark is re- 
moved; and in many instances it appears to be 
merely an abortive shoot, arising, as Malpighi 
suggested, from defective nutriment ; but this 
cause can be regarded as occasional only, for, 
were it general, every description of thorn would 
entirely disappear under culture, which is not the 
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case. In some instances, however, as in the Pear 
tree, Pyrus sath'a, and in some other fruit-trees 
which have thorns in tlieir wild state, they dis- 
appear by culture. The petioles of several pin- 
nate leaves, as those of Astragalus Tragacantka, 
wliich arc persistent, become acuminated, and 
change into thorns, after the leaflets fall ; the 
peduncles, also, of some flowers, as those of 
Phnnia, undergo a similar transformation: and 
in the genus Jllimosa and a few other tribes of 
plants, we lind that the stipules* sometimes be- 
come ligneous, ami pass into thorns. The struc- 
ture of the foliar thorn, which appears either 
on the margin of the leaf or on the costse, does 
not so closely resemble that of the jiart on which 
it is seated. It generally consists of a cord of 
vessels derived from the nearest fasciculus of the 
leaf, enclosed in a firm cellular tissue, and co- 
vered with a horny cuticle. 

iv. Prickles, Aculei, may be defined rigid 
sharp-pointed processes that do not adhere firmly, 
but come off with the bark of the parts on which 
they are seated (sec cut 2 p. 268) -f-. They are, in 
general, laterally compressed, and either straight 


■* As these organs have not yet been described, it is ne- 
cessary to stale liere, that they are small foliaceous appendages, 
generally situated on each side of the base of many petioles. 

i “ Aailcus est nuicro plantir, ejusdem cortici tantum af- 
“ fixus. ’ Phil. Hot. k 
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(recti) that is, free from any curvature, and di- 
minishing gradually from the base to the apex, as 
on the Scotch Rose, Rosa xpinosismna ; or curved 
(curvi ), as on the Bramble, RubusyW/^/Vm-M^. If 
the curved prickle have its point directed up- 
vrards, it is said to be incurved (incunms re/ in- 
flertis), and if in the opposite direction, recurved 
(rewnus cel refiexus). It is, also, in some 
instances spiral (circhinatus), with the apex 
turned inwards, as in the genus Hugonia. Like 
the thorn, the prickle is simple or compound, ac- 
cording as it has one or more points ; and it is 
termed cemlinar, pctiolar, or foliar, from its si- 
tuation being on the stem, or on the branch, the 
petiole or the leaf. It is in general solitary; but 
in some plants prickles are always found in pairs 
(geminati) ; and on others, as for example the 
Barberry, Berberis vulgaris, several stand together 
on the same plane, and are said to be palmated 
(palmati). I’rickles consist of condensed cellular 
matter covered with an epidermis, which becomes 
dry, hard, and coloured with age. They originate 
immediately under the cuticle; and when picked 
off leave no impression deeper than the exterior 
layer of the bark. Indeed in the majority of in- 
stances they appear to be productions of that layer, 
and consist altogether of a mass of oblong cells, 
which become more condensed and tubular as 
they approach the point, and over which the 
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common cutis of the part on which they are si- 
tuated is reflected. Willdeuow states tlie prickle 
to be vuscidar ; but I have not been able to detect 
any vessels in it, unless we regard the tubular 
cells as vessels *. They are a more permanent ap- 
pendage than thorns ; not at all liable to disap- 
pear by culture ; and, consequently, are better 
fitted for forming specific distinctions. 

Linnaeus regarded tliorns, prickles, and bristles 
as the armour of plants ; and the poetical ima- 
ginatiou of Darwin has led him to sujipose, that 
the great Author of all things has impressed on 
organized bodies “ a power of producing armour 
“ to prevent those more violent injuries which 
“would otherwise destroy them and, conse- 
quently, that jdants, now unprotected, may ob- 
tain bristles and other defensive organs in the pro- 
gression of time, lint although the depredations 
of animals upon the tender foliage of plants are 
occasionally .checked by these organs, yet, such 
I'anciful notions as those I have just quoted, and 
indeed most of those which our reasonings upon 
final causes lead to, are neither philosophical nor 
accordant with correct observation ; and we must 

^ Willdcnow, in his Principles of Botany, ^ 270, says, 
** Thi.s (till’ prickle) consibts of reticular, more or less ex- 
“ panded, adducent vessels, and a few air vessels, and is co- 
vered with the vascular cutis.’’ Translation, 

t Pkyiologia^ Sect. xiv. 3. 2. 
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confess our ignorance of the utility of this de- 
scription of armature in the vegetable economy. 
Man, however, has ingeniously taken advantage 
of its existence for his peculiar benefit; and 
many of those spiny and prickly shrubs, which 
originally opposed his progress in penetrating to 
the depths of the primeval forests, are now trained 
as useful and ornamental fences around those 
portions of the soil which the arm of Cultiva- 
tion has wrested from the dominion of Nature. 

V. Props, Fulcra. Under this term, Linnseus 
and several other phytological writers have com- 
prehended a variety of vegetable appendages, 
which afford no prop or support to the plant * ** . I 
confine its application to those organs by which 
climbing and weak flexible stems attach them- 
selves to one another, to firmer plants, and to 
other objects in their vicinity, for support. By 
these means many plants, which would remain 
prostrate upon the earth, elevate theiqselves to the 
summits of the highest trees; and, in tropical 
countries, where vegetation revels in all the lux- 
uriance of its powers, the Lianas^ as these plants 
are termed, hanging down in festoons adorned 
with blossoms, form the richest garniture of the 
forests. There are four kinds of vegetable props, 
the tendril, the claw, the hooh, and the bladder. 

* “ Fulcra adminicula plants sunt, pro commodiore 8us> 

** tentatione ; numerantur hodie vii. Stipule, Bractea, Spina, 
“ Aculeus, Cirrhus, Glandula, Pilus." Phil. Bol. ^ 84. 
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a. The tendril, Cirrhm*, is a long, cylfndrical, 
slender, spiral body issuing from various parts of 
plants. The tendril is either simple (simplex), 
consisting of one undivided piece, as in Bryony, 
Bryonia dioica, and square-stalked Passion-flower, 
Passiflora quadrangularis (Plate 4, fig. 8. a. a.) ; 
or compound f compositus ), consisting of a stalk va- 
riously branched or divided. When there are'two 
divisions, the compound tendril is termed bifid 
(hifidus), as in Marsh Lathyrus, L. palustris. 
Smooth Tare, Ervum tetraspermum. See.; trifid 
( trifidus ), when there are three, as in rough-pod- 
ded Lathyrus, L. hirsutus, and in the Garden Pea ; 
and branched ( ramosus vel multifidus), when the 
divisions are more numerous, as in Everlasting Pea, 
Lathyrus latifolius (Plate 4. fig. 7) ; climbing Cobea, 
C. scandens, &c. Tendrils rising from the stem, or 
the branches, in the axillae of the leaves, are named 
axillary as exemplified in the Passion- 

flower (Plate 4, fig. 8); subaxillary (suhaxillares), 
when they originate below the leaf; lateral (late- 
rales ), when at one side of it, as in Bryony ; and 
opposite (oppositifoUi ), when they are directly op- 
posite to the insertion of the leaf, as in the Vine, 
Vitis. They are said to be petiolar (petiolares), 
when terminating the common petiole of a com- 
pound leaf, as in Everlasting Pea (Plate 4, fig. 7) ; 

* '* Cirrhus est vinculum fiiiforme spirale, quo planta alio 
“ corpori alligatur.” PhU. Bot. ( 84. S. 
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and foliar (foliares), when they are a continuation, 
of the midrib of a simple leaf, as that of superb 
Gloiiosa, G. superha. The petiolar tendril is 
sometimes distinguished by the number of leaf- 
lets which grow under it; thence we find in sys- 
tematic authors the terms Cirrhi diphylli, tetra- 
phylli, and polyphylli. The flower-stalks even of 
some plants, as those of smooth-leaved Heart- 
seed, Cardiospermum Halicacabum, bear tendrils. 

Tendrils closely resemble petioles in their struc- 
ture ; but not so intimately as to lead us to adopt 
the opinion of Willdenow, that they are merely 
petioles, which not having exhausted their sap in 
forming the leafy expansion, become too feeble to 
keep their straight direction, and have thence ac- 
quired their twisted shape*. If we examine a 
transverse slice of a tendril of Bryony, under the 
microscope, and compare it with a slice of the 
petiole which rises at its side, we shall find that 
although they agree in some particulars, yet, they 
differ in others. The cortex of both closely re- 
sembles that of the stem (seep. 415); and the 
internal structure in both, also, consists of fas- 
ciculi of spiral and proper vessels embedded in a 
cellular parenchyma. But the number of these 
fascicles in the petiole is always nine, and in the 
tendril four or five only: in the former, also, the 


♦ Principles of Botany, § 271. 
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fascicles are of different sizes, and arranged in a 
regular series according to their sizes, the largest 
being towards the convex side of the petiole, and 
the two smallest, which are more distant from one 
another than the others, at each angle of the con- 
cave side ; whereas all are of the same size and 
equidistant in the tendril. The structure of the 
fascicles themselves also differs, for, in the ten- 
dril, we find three spiral vessels only in each fas- 
cicle, arranged in one line extending inwards; 
while in the petiole each fascicle contains from five 
to nine of these vessels arranged in two or three 
lines. From these remarks, although we find 
that the structure of the tendril closely resembles 
that of the stem and the petiole, yet, it is evident 
that this organ cannot be regarded as an abortive 
leaf. The resemblance of the tendril to the stem 
is even still closer, as far as regards the cutis, for 
in both we find pneumatic pores, in that portion 
of it which covers the green streaks ; a fact which 
suggests the idea that these streaks perform, in 
both, the functions of the foliar expansion. But 
the most satisfactory proof of the affinity of all 
these parts is the fact, that a young shoot, which 
Mr. Knight grafted upon the tendrils of the Vine, 
succeeded nearly as well as if the operation had 
been performed on the stem or the branch. This 
similarity of structure occasionally produces the 
transmutation of one part into another: I noticed 
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to you that of petioles and other organs into 
spines; and 1 have now to state that a similar 
change into tendrils is occasionally observed ; as 
exemplified in the stipules in Smilax. 

The tendril is at first tender, green, and put 
forth in a straight direction ; but it gradually be- 
comes firmer in its texture, occasionally acquires 
colour, and always assumes the spiral character. 
When all the gyrations are regular in the same 
direction, the tendril is said to be convolute (con- 
volutusj; and revolute (revolutus), when it winds 
itself irregularly, sometimes on one side, some- 
times on the other. Phytologists have endea- 
voured to explain the cause of the spirality of 
tendrils: their opinions, which are by no means 
conclusive, shall be noticed when we treat of the 
movements of plants. 

b. The claw (clavicula) is a small thread-like 
body which is protruded from the stems of some 
plants ; and adheres so firmly to the surfaces of 
other bodies, as to enable the plants producing it 
to elevate themselves from the ground. By means 
of this description of prop, the Ivy and the 
Cissus climb not only to the summits of the highest 
trees, but up the face of the smoothest perpendi- 
cular rocks, and to the battlements of the loftiest 
towers; thus rendering picturesque the monotony 
of the naked cliff, and, by the richness of their 
living tracery, adding a new interest to the moul- 
dering pile of antiquity. 
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There are two varieties of vegetable claws, the 
cirrhal and the radicular. 

1 . The cirrhal claw ( clavicula cirriformis ) 
resembles the branched tendril, except that each 
of the branches is terminated by a small fleshy 
knob; which spreading out in the shape of an 
oval disk, adheres strongly to a wall or^ any flat 
surface with which it comes in contact. In the 
Virginian creeper, Cissus hederacea, the claw, 
which is of this description, is opposite to the 
leaf, like the tendril of the Vine, and is spiral in 
its branches, so that it performs a double office, 
acting sometimes as a tendril by twining round 
slender cylindrical bodies, but more frequently as 
a claw. The internal or anatomical structure of 
this species of claw, as far as regards its stalk and 
branches, is exactly the same as that of the ten- 
dril, and, like it, origirates from the alburnum of 
the stem : the claw itself consists chiefly of cel- 
lular matter, which, being a continuation of the 
pith of the other parts of the organ, is here 
checked in its extension and swells out laterally. 
The under part of the claw is covered with 
scarcely any cutis. 

Three theories exist with regard to the mode 
by which this organ adheres to smooth surfaces : 
some writers adopting .the opinion of Malpighi, 
that it is produced by a viscous fluid, which is fur- 
nished by small papillae on the under surface of 

V(»L. I. u u 
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the disk' or flattened knob : others contending 
that the adhesion is produced by the disk acting 
like a piece of thick moistened leather at the end 
of a cord, such as boys employ for lifting stones, 
which adheres by the external air pressing it 
closely to the surface on which it is applied : and a 
third set imagining that it operates by exhausting 
the air in the same manner as is done by the 
foot of the fly, and of one species of lizard, 
which can run up smooth perpendicular walls, 
and along the ceilings of rooms*. I am dis- 
posed to set aside all these opinions, and to regard 
the attachment as the effect of a real radication; 
having found that the inferior surface or sole of 
the knob, which terminates each branch of the 
claw, is studded with minute stellated fibrils ; 
which entering into the almost invisible pores of 
stone, bricks, &c. swell, and maintain the claw 
firmly attached. 1 am confirmed in this opi- 
nion, by the fact, that these claws will not ad- 
here to glass, to Parker’s cement, and other very 
close grained bodies; and that they adhere strongly 
to stones and other bodies long after the death of 
the plant. 

Like tendrils these claws turn always from the 
light ; and, from the experiments of Mr. Knight, 

Vof^a description of the apparatus necessary for producing 
this elSect in the foot of the lizard, see a paper by Sir Everard 
Home, Phil, Tram* 
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this propertyis so strong, that a piece of dai'k-co> 
loured paper placed at the distance of a few inches 
from them, and changed to different sides of the 
plant, has the power of altering their direction. 
The cause of these movements shall be idltei*wR,rds 
investigated. 

2. The radicular claw ( clavicula radicifonnisj 
is a small cylindrical body, resembling a radicle, 
which is protruded from the stem ; as exemplified 
in the Ivy and the Ash-leaved Trumpet-flower, 
Bignonia radicam. The claws of the Ivy are pro- 
truded in lines, generally on the side of the stem 
which is next to the wall on which the plant is 
supported (fig. 1. p. 250). This is probably owing 
to the greater moisture and shade on that side 
being favourable to their formation, as in the case 
of the real roots *, which appear on a stem by sur- 
rounding a portion of it with a ball of moist 
earth ; or of those which protrude spontaneously 
under peculiar circumstances, as in the case of the 
Laurel, mentioned in page 197 : nor is this opi- 
nion rendered more problematical by the fact, that 
the radicular claws are put forth on every side of 
the older stems of the Ivy, giving them a bristled 
aspect ; for, as in the case of branches and roots, 
the rudiments of these claws may exist in the 
stem, although they are not protruded, until jcir- 

* I have already noticed (p. 280) the fact, that these claws 
become perfect roots under certain circumstances. 

u u 2 
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cumstances favouring their development occur: 
and the stem having ceased to throw out claws 
on the side next the wall where they origin- 
ally appeared, a smaller degree of shade and 
moisture is now sufficient for the development of 
those which remain unprotruded. Jn plants of 
Bignonia tadicans, which are not trained upon a 
wall, but supported by sticks in pots in the 
greenhouse, the claws are put forth in clusters at 
four opposite points around the stem near the base 
of each pair of leaves; for here, circumstances being 
equal on all sides, the power of the stem to pro- 
trude claspers is not diminished in one part by 
being increased on another, and, consequently, 
the natural effort takes place on all sides, in the 
same degree. 

In structure, the radicular claw closely re- 
sembles both the petiole and the radicle. In the 
Ivy it consists of a cortex inclosing a cellular 
mass in which the vessels are embedded, and ar- 
ranged in five distinct fasciculi, which evidently 
proceed from those of the ligneous, or rather al- 
burnous part of the stem, although Mr. Knight 
has remarkea (Phil. Tram. 1812) that the claw of 
the Ivy “ appears to be a cortical production only.” 
The vascular fasciculi are given off nearly at 
right angles with those of the stem ; and are 
placed at equal distances from one another, in a 
circle nearer to the centre than to the cortex of 
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the organ. In Bignonia the vessels ajlpear more 
condensed, forming one large central fascicle. 
The epidermis in both is studded with minute 
fibrils like the radicle ; and these are the real ad- 
hering organs when the claw is applied to any 
solid body ; for the adhesion is not confined, as in 
Cissus, to a knob at the point of the m’gan, but 
extends over as much of its surface as is in contact 
with the body to which it adheres. 

Some writers have classed with this descrip- 
tion of prop the small tubercles, or absorbing warts 
(haustoria), by which a few parasitic plants, for 
instance the Dodder, Cuscuta, fix themselves on 
other plants. But these warts are of a mixed 
character, performing, under all circumstanceSj 
at the same time, the functions both of an attach- 
ing prop and of a nutrient absorbing organ. 

c. The bladder (ampulla* ). This is a small 
membranaceous bag attached to the roots and the 
immersed leaves of some aquatic plants, render- 
ing them buoyant: on which account I have placed 
it among the props. In shape, the bladder is ge- 
nerally globular ; but in common Hooded Milfoil, 
Utricularia vulgaris, it is pear-shaped. It con- 
tains a watery fluid and a small bubble of air, 
which enables it to gpve buoyancy to the parts to 
which it is attached ; and which must be either 

* Linnaeus terms it a follicle. Folliculi suut vasa aSt€ 
distenta.” Phil. BoU § 163. ix. 2. 

V U 3 
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separated from the water, and absorbed through 
the substance of the sac, or is a secretion of the 
plant. All the species of Utricularia, which are 
not uncommon in our ponds and ditches, have 
these bladdera attached to the roots ; but in Al- 
drovanda vesiculosa, an inhabitant of the Italian 
marshes, ^they are present as foliar appendages. 

d. The hook (hamus) is generally described 
among the bristles, and in point of structure, in 
the majority of instances, it certainly belongs to 
these bodies ; but I prefer placing it here, as it is 
in every sense of the word a real fulcrum. It is 
well illustrated in Cleavers, Galium Aparine, the 
angles of the stalk and the margin and midrib of 
the leaves of which are furnished with hooks, 
which enable the plant to climb to the tops of the 
hedges near which it is generally found. The 
most beautiful specimen, however, of the ve- 
getable hook is found on the pitcher of Nepenthes 
(see p. 672), in which it serves the purpose of sup- 
porting that curious appendage, when it is over- 
loaded with fluid. 

vL Foliaceous appendages. These, as their 
name implies, resemble leaves in several particu- 
lars; and this similitude extends even to their 
anatomical structure. There are three kinds of 
foliaceous appendages; the stipule, the bracte or 
floral leaf, and the pitcher. 

a. The stipule (stipula) is a foliaceous organ, 
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which in some instances accompanies the proper 
leaf, yet is distinct from it : and, in others, is at- 
tached to the petiole, appearing as a part of the 
leaf itself*. It is not a universal and not always 
a permanent organ. In some instances it is fuga- 
cious (fugax, caduca), accompanying the leaves in 
the bud only, and falling at the momenta of, their 
evolution, or before they are fully expanded ; as 
is the case in the Lime tree, Tilia Europaea, and 
the Tulip tree, Liriodendron tulipifera : in others 
it is deciduous ( decidua ), or falls with the leaf, 
which is the most common occurrence ; but in 
this case it occasionally appears withered ( mar- 
cida ) before the leaf falls, although it remains at- 
tached : and in others again, it remains after the. 
natural fall of the leaf, or is pei-sistent (persistens), 
as in Downy Sea-side Grape, Cocoloba pubescem. 

Stipules vary in si-e, number, form, substance, 
and situation, in different plants; and these diversi- 
ties constitute, occasionally, excellent specific dis- 
tinctions. The presence or the absence of stipules 
has, also, been regarded as an indication ‘^that 
‘‘ plants belong to the same natural order and even 
“ genus but Sir E. J. Smith has justly remarked 
this is not invariably the case. Some species of 
“ Cistus have stipulas, others none, which is nearly 

• 

* ** Stipula cst squama, quae basi petiolorum aut peduhcu- 
“ lorum enascentium utrihque adstat.’* Phil. Bot. § 84. 1. 

u u 4 
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“ the case with the Grasses The diversity of 
size of stipules in different plants is very consider- 
able; but this circumstance is seldom noticed by 
Botanical writers. In respect of number, they are 
most commonly twin (gemince), one being si- 
tuated at each side of the insertion of the leaf ; 
but in some instances, as the Sun-Rose, Heli- 
antkemum, they are in fours; and in the Bar- 
berry, Berberis ; in some species of the Honey- 
flower, Melianthus, and in many other plants, they 
are single (solitariae) . The^rw of the stipule is 
nearly as diversifiexl as that of the leaf, and it re- 
ceives the same appellations; thence we find the 
terms atipuloe subrotundoe, ovules, lunatce, sagit~ 
tatce, semisagittatw, &c. &c. in systematic works, 
and, consequently, the terms which have been ex- 
plained, descriptive of the margin, apex, base, sur- 
face, as well as those designating the distinct, con- 
joined, sessile, and petiolated characters of leaves, 
are applicable to this organ. In point of substance, 
the stipule is termed foliaceous (foliacea), when it 
resembles the leaf in colour and consistence, which 
is most usual: membranous (membranacea), when 
it is thin, nearly semitransparent, and in some de- 
gree coloured, as in Amphibious Persicaria, Poly- 
gonum amphibium; the Magnolia, and Fig tribe, 
&c.; and chaff-like (scariosa), when it is dry and 




Smith’s Introduclion^ p. 220. 
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semitransparent, as in many species of the CSr tribe, 
Pinus; Knot-grass, Polygonum aviculare; Shrubby 
Cinquefoil, Potentilla fruticosa, &c. With respect 
to situation, or attachment, stipules are most Com- 
monly lateral ( laterales), which implies that they 
stand at the base of the petiole, on each side of it, 
as in Passiflora, Lathy rus, &c. ; but the term in- 
termediate (intermedioe) is used when thefr situa- 
tion is on each side of the stem, between opposite 
leaves, as in many of the Geranium tribe, and in 
the Coffee plant, Coffea arahka. They are said 
to be embracing (amylexantes vel amplexicaules) , 
when their base surrounds the stem, as in the Mul- 
berry, Morus ; the Fig, &c. ; and sheathing ( va- 
ginantes), when they inclose a portion of the stem 
like a sheath, as in the natural families of Poly- ' 
gonece and Ruhiacece ; in which case they are appa- 
rently a mere dilatation of the internal part of the 
petiole. When the sheathing stipule separates at 
the top from the stem, and forms a projecting bor- 
der, it is termed salver-shaped (hypocraterjfor- 
mis), as in the Oriental Plane (see d. d. cut p. 460) ; 
Persicaria, Polygonum orientate, &c. Wlien the 
attachment is upon the petiole itself, it is either 
marginal (marginalis — petiolo adnata), resembling 
a membranous border extended along the sides of 
the petiole, as in the Rose tribe {75. p. 515), the 
Cinquefoils, the Pepper Plant, Rper nigrum, &c. ; 
or intrafoliaceous (intrafoliacea vel intrapetiolaris). 
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which implies that it is situated between the stem 
and the petiole, with which it is united at the 
lower part only, as in common Clover, Trifolium 
pratense ; or extrafoiiaceous ( extrqfoliacea ), when 
it is the reverse,of the former. When stipules are 
situated at the basis of the secondary footstalks 
in compound leaves, as in Chinese Dolichos, D. 
sineasis, and Hedysarum gyrans (97. p. 523), they 
have been termed stipelUe by M. Decandolle ; but 
the distinction is superfluous. The ramenta of 
some authors; the ochrea of Rottball*; the ligula 
or memhrana foliorum of the old writers, which is 
a white membranous fringe, that crowns the 
sheathing part of the leaf, encircling the culm in 
many grasses; and the sheath, which covers 
each leaf before it is evolved, in some plants, as 
exemplified in the genus Liriodendron, and the 
Magnolia tribe (see cuts p. 474), are stipules. 
I have already described the peculiar function of 
this sheath (p. 475) : with regard to the functions 
of stipules in general, little is known, although in 
some instances they supply the place of the leaves : 
thus the Yellow Vetchling, Lathyrus Aphaca, has 
one or two pairs of real leaves only on the seedling 
plants, which soon disappear, and their place is 
afterwards supplied entirely by the stipules*!*. 
Like some other parts of the vegetable body, the 

Willdenovd^s Principles of Botany ^ § 51. 

+ Smith's Introduction^ p. 221. 
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Stipule is also liable to undergo transforn^tions : 
it becomes a tendril in Smilax, and a prickle in the 
Acacia. 

b. The bracte, or floral leaf (bractea), is a 
foliaceous appendage, which appears in the vici- 
nity of the flower ; distinct from the perianth, and 
in some instances exactly resembling the proper 
leaves, but in others differing from tbem*both in 
form and in colour *. The spat he, a membranous 
sheath which encloses the flowers of the Irises 
and some other plants before they blow ; and the 
involucre, a foliaceous appendage situated at the 
base of the umbel in umbelliferous plants, are 
modifications of the bracte ; but as they shall be 
described amongst the proper appendages of the 
flower, I shall at present confine my remarks to 
those bractes which have more of the foliar cha- 
racter. Bractes, in this limited sense of the term, 
differ in form, colour, situation, and duration. 

The form and aspect of the bracte, as I have 
already stated, is frequently that of the proper 
leaf; and its diversities, therefore, are designated 
by the same terms which are employed to distin- 
guish those of the leaf. In some instances there 
is a gradation scarcely perceptible from the proper 
leaves to bractes, as in Purple-topped Clary, 
Salvia Horminum, Alpine Baitsia, Bartsia alpina, 

* “ BracUa dicitur folium florale cum colore et figura recc- 
tiit a ceteris.” PhiL Hot. ^ 2, 
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Purple and Corniuon Yellow Cow-wheat, Melain- 
pyrum arvense, and M. prateme, &c.; but the 
bracte may be truly foliaceous, and yet differ 
considerably in figure from the leaves of the plant 
to which it belongs. The Lime tree, Tilia Eu- 
ropeea, affords a striking example of the difference 

in figure and in 
aspect of the 
real leaf(a.a.fl.) 
and the bracte 
(b. b.), which, in 
this instance, is 
attached to the 
peduncle of the 
flower. In Black- 
berried Honey- 
suckle, Lonicera 
nigra, the bracte 
is a scale; and in 
Atractylis can- 
cellata it is spi- 
nous. The co- 
lour of the bracte is often merely a differ- 
ent shade of green from that of the leaves; but 
in many instances braotes are very beautifully 
coloured : purple, for example, in Cow-wheat, 
Melampyrum arvense, Dwarf Orchis, O. vstulaia, 
Purple-topped Clary, Salvia Horininum; blue 
in Milk Vetch, Polygala vulgaris; and bright 
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scat-let in Bartsia coccinea. The situation of 
bractes, in the majority of instances, is on the 
peduncle or flower-stalk, as in the Lime tree, &c. ; 
but in others', on the stem, either beneath the 
flower, as in Anemone, in which they are re- 
garded as an involucre (involuo'um) ; or forming a 
tuft above the flowers, when they are tj^rmed 
coronant ( cvronantes), as in the Crown Imperial, 
Fritillaria imperials ; tongue-leaved Eucoinis, E. 
regia, and the Pine Apple, Bromelia Ananas, &c. ; 
and, in several species of Musssenda, they arise 
from one of the teeth of the calyx. In point of dura- 
tion these organs are either caducous, deciduous, 
or persistent. The use of the bractes, in the ve- 
getable economy, is very little understood. When 
they have the aspect and colour of leaves, their 
functions are probably the same as those of leaves ; 
and, when they are coloured, they may resemble, 
in some degree, those of the petals of the flower ; 
for, in plants which have the bractes beautifully 
coloured, there is either no distinct evolution of 
the corolla, as in Buginvillea, or the uppermost 
flowers do not expand, as in Melampyrum nemo- 
rosum and cristatum. Their use to the systematic 
Botanist, in furnishing characters for the distinc- 
tion of species, is very important. 

c. ITie pitcher (ascidium*) is a hollow foli- 

* Willdenow introduced this term from the Greek wm&m, 
a small bottle. 
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aceous appendage, resembling, as its name im- 
ports, a small pitcher. It is of rare occurrence; 
but has been found as a caulinar, a,Jbliar, and a 
peduncular or floral appendage. 

1. The only caulinar ascidium that is yet 
known, belongs to an Australasian plant, the Ce- 
phalotus ^///cu/am, discovered by M. Labillar- 
di^re, and afterwards found near the shores of 
Princess Royal Harbour, in the neighbourhood of 
King George’s Sound, in Terra Australis, by Mr. 
Robert Brown, who has described it in the ap- 
pendix to Flinders’s Voyage (vol. ii. p. 600). 
This singular vegetable production grows in- 
termingled with the leaves of the plant, form- 
ing a circle round the base of each flower- 
stalk. It is pendent by a curved projectiog 
petiole; but, supported in such a manner, that 
its cavity is upright. The pitcher itself ( 1 . 2. 3. 
page 671.) is nearly egg-shaped, an inch in 
length, and furnished with a lid. It is, exteriorly, 
ornamented with three double costse (fig. 1.2.) 
proceeding from a crested lip (fig. 3 . o.). These 
costse are projecting with acute pilose margins (b.), 
and extend downwaj-ds below the bottom of the 
pitcher (c.). The mouth consists of a ring (d.), 
which g^ves origin to a number of parallel rib- 
like processes (e.), which are curved inwards 
over it by their upper extremities. The greater 

3 
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part of the inside is shining, and of a beautiful 
dark purple colour. The lid (/.), which is pro- 
duced from the petiole (g.), and attached to the 
edge of the pitcher by a broad base, is slightly pu- 
bescent on the outside, smooth within, and of a 
green colour, painted with broad, branching, dark 
purple veins (2.). The structure of this organ is 
said closely to resemble that of the leaf, “^hfi as- 
“ cidia, or pitchers of Cephalotus,” Mr. Brown re- 
marks, “ were observed to be in general half filled 
“ with a watery fluid, in which great numbere of 
“a small species of ant were frequently found 
“ drowned. This fluid, which had a slightly 
“ sweetish taste, may possibly be in part a secre- 
“ tion of the pitcher itself, but more probably con- 
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“ sists cf rain-M^ater received and preserved in it. 
“ The lid of the pitcher in the full-grown state 
“ was found either accurately closing its mouth (see 
“ cut, fig. 2), or having an erect position, and, 
“ therefore, leaving it entirely open (fig. I .) ; and 
“ it is not unlikely that the position of the lid is 
“ determined 'by the state of the atmosphere, or 
“ even by other external causes*.” The sweet 
taste of the water proves the existence of a 
secerning power in .some part of the interior of 
the pitcher; and it is this saccharine quality 
of the secretion which entices insects to enter 
it; but whether the plant derive any advantage 
from the decomposing animal matter, that re- 
sults from their destruction, has not yet been as- 
certained ; although, from the result of some ex- 
periments, which I shall presently have occasion 
to notice in reference to another plant, the putre- 
factive process may prove veiy beneficial to the 
economy of this plant. 

2. The foliar ascidium is peculiar to the genus 
Nepenthes. In all the species, the pitcher is at- 
tached by a cirrhose extension of the midrib at the 
apex of the leaf, the sessile pitcher, as Mr. Brown 
suggests, being peculiar to the young plant. In the 
specimen figured in the margin, which is half the 


* Flinderses Voy. vol. ii. p. 602 . 
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• 

size of the original, 
t.hecirihosewiie(fig. i 
c.) is elastic, and suffi- 
ciently firm to sup- 
port the pitcher, when 
full of water, in an 
upright position. It 
gradually enlarges as 
it approaches the 
pitcher, becoming in- 
flated on the upper 
surface (el.), but re- 
maining flat and firm 
on the lower ; the angles of which gradually ter- 
minate in two costae (e. e.), that run up the 
fore part of the pitcher, and give out branches 
which pass obliquely across the pitcher, and ter- 
minate in the vessels supplying the lid (a.). The 
structure of the cirrhose support is the same as 
that of the petiole; the proper or returning vessels 
are very numerous, the spimls are large, and 
constructed of four flattened threads. The pitcher 
exactly resembles the leaf in its structure, the 
whole of the vascular fascicles being prolonga- 
tions of the petiolar bundles, or branches from the 
two costae already described. The coalescence of 
the fliscicles at the back of the pitcher, near the 
ring of the mouth, forms a third large costa, 
which is, as it were, inverted, and branches down- 

VOL. I. XX 




674 CONSERVATIVE ORGANS. [lECT. XI. 

wards. The trunk, also, if it may be so termed, 
of tins costa, which is close to the hinge of the 
lid, supports a beautiful hook (2. a. p. 673), armed 
with a cartilaginous, acute point ; and as this pro- 
jects backwards, it may afford further support 
to the full pitcher, by hooking it upon any firm 
object imits immediate neighbourhood. The lid 
(l.fl.) exactly resembles a fiat, orbicular, sessile 
leaf; moveable at its insertion, being furnished 
with an articulation, or hinge, immediately be- 
hind which the hook is situated. But the most 
curious part of the pitcher is the ring, which 
distends its mouth. This is apparently a firm, 
transversely ribbed, thick wire; but is really 
formed of the lip of the pitcher, which is cartila- 
ginous and transversely striated, rolled outwards 
like a scroll. It terminates very abruptly at the 
hinge of the lid, and is larger there than in the 
fore part of the pitcher. 

The pitcher, in the early stage of its growth, 
is of the same colour as the leaf; but, as it ad- 
vances in age, it becomes beautifully coloured 
with dark, purplish red streaks and blotches. 
Its form in two of the species resembles that of the 
finger of a glove; but in the third, the phyUam- 
phora, it is contracted a Uttle under the mouth 
and again bulges out below, acquiring thus more 
of the pitcher shape than the specimen befi>re 
us displays. It varies greatly in size, and some>r 
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times is capable of holding more than a pint of 
fluid. 

The fluid found in the pitcher of Nepenthes is 
sweet and limpid; and, according to Rumphius, 
is the production of tiie plant. The same author, 
also, remarks that the waste of it during the day, 
which is generally about one half, is fully repaired 
during the night but when the lid is completely 
open the pitcher becomes dry. The pitchers ap- 
pear dry and withered when they are half full only 
of watei'; and, when the dry season sets fairly in, 
and the seed is nearly ripened, they completely 
decay. In Amboyna and Java the plant is found 
on dry, stony, elevated spots only; although in 
Ceylon it is said to grow in the valleys on thte 
banks of streams. 

Phytolog^sts have difiered in opinion i-egarding 
the cause which produces the opening and the 
shutting of the lid of this vegetable pitcher. 
The rising of the lid has been ascribed, by some, 
to a sudden afllux of fluid rendering the vessels 
connected with the hinge of the lid turgid; and 
the shutting to the receding of the fluid. By one 

* Aqua refertus est Hmpida et dulci^ operculo autem 
<< operto, liaec sensim minuitur usque ad dimidiam partem, ita 
** tamen ut per noctem iterum adcrescat tanta copia, quanta 
** per diem fuit exsiccata, quum vero operculum totum ait 
<< contractum aqua haec sensim minuitur fere tota/' Rumph, 
Amboin. lib. vii. c. 61- 


XX 2 



676 CONSERVATIVE ORGANS. [lECT. XI. 

writer*, however, the rising is ascribed to the 
contraction of the “ fibre,” or costa connected 
with the hinge, “ by the hot and dry atmo- 
sphere,” and the shutting, to its expansion when 
the lur is saturated with moisture ; while by othere 
^gain, these movements are regarded as spon- 
taneous or dynamical, like some other of the 
movements of plants. In reviewing these opi- 
nions the first might be considered probable, as 
far as concerns the immediate or mechanical 
cause of the change in the position of the lid, 
hut it does not satisfy the mind; and we na- 
turally inquire, what occasions the afflux and 
receding of the fluids to this particular set of 
vessels 9 for, without an answer to this query, 
we have gained little by the information afforded 
us, admitting it to be correct, respecting the state 
of the vessels. The second opinion is less pro- 
bable, because we cannot conceive how the costa 
in question can contract, without producing a cor- 
responding contraction of the whole back part of 
the pitcher, the consequence of which would, ne- 
cessarily, be to raise the lip of that vessel to the 
same elevation as the lid, and thence to place it 
in the same relative position to that part as it pre- 
viously maintained. Lastly, the idea of explain- 
ing the phenomenon, by saying, that it is a spon- 


* Mr. Barrow. 
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taneous movement, either asserts too much, or has 
no meaning: for if, by spontaneous inotion, we 
do not imply a power of volition in the moving 
agent, a power I am certainly not prepared to ad- 
mit as an attribute of plants, we must use some 
other term to express our meaning. 

The deficiency of correct observations on the 
habits of the plant is, probably, the chief ^reason 
why no satisfactory theory of this phenomenon 
has yet been advanced. Thus, if it had been 
observed, that the lid opened every morning and 
closed every night, its elevation might be reason- 
ably ascribed to the stimulus of light, acting on 
its irritability, and exciting such an increased 
action of the vessels as would produce that af- 
flux of fluid which has been supposed to oc- 
casion its erect position; and its depression, to 
the withdrawing of this exciting cause: for, as 
the lid is really a leaf, and its hinge an arti- 
culation closely resembling that which connects, 
with the common petiole, the leaflets of those 
pinnated leaves which fold together their leaflets 
at night, we might regard its movements as the 
result of the same cause which produces the 
diurnal motions of these leaflets. But we have no 
evidence that this dmly change of position of the 
lid occurs: we are informed that it opens when 
the weather is showery and damp as well as at 
night ; and I am disposed to think that the heavy 

x X 3 
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evening dews, which fall in the climates where the 
plant is indigenous, are the remote cause of the 
lid opening at night. 

These facts, and a careful examination of the 
structure of the organ, have led me to imagine 
that the movements of the lid are entirely me- 
chanical, and depend on a hydroscopic action of 
the ring forming the lip of the pitcher. We find 
that this ring {d. d. .'i. 4.), as I have already stated, 
is a scroll formed of the lip of the pitcher, rolled 
outwards : it ends abruptly (3. a. b.) close to the 
binge of the lid ; and is there much thicker, owing 
to the convolution of the scroll being larger at 
that part, than in the front of the pitcher. At the 

L. »•«>> 

has a small auricle 
or projection (a. 
4.) on each side*. 
Now I suppose that 
the natural position 
of the lid is that in 
which it covers the 
mouth of the pitcher ; and, a dry state of the 
atmosphere, it lies close upon the mouth, be- 
cause the scroll is contracted or closely rolled 
up, like any other hydroscopic body ; but, when 



* These cuts show also that the lid is emarginate in front 
(c. c. 3. 4'.) ; and in 4. b. we have a view of the costa which 
terminates in the Iiinge. 


liECT. XI.J CAULINAR AND POLIAR APPENDAGES. 679 

tile air is charged with moisture, the scroll swells, 
and by unrolling itself enlarges the thibkness of 
the ring, and thus produces a pressure upwards 
and backwards, by which the lid is forced open. 
I have found, from experiment, that the en- 
largement of the ring one sixteenth of an 
inch, would bring the lid nearly into the erect 
position ; and it is evident that the opening of 
the lid must follow such an enlargement of the 
ring, unless we suppose that the hinge length- 
ens synchronously udth the unrolling of the scroll, 
which is not probable. In advancing this explana- 
tion, I must allow that it is purely hypothetical, 
and requires to be confirmed by observations on 
the habits of the plant in its living state. 

With regard to the fluid found in these vege- 
table pitchers, the most probable opinion is, that 
it is obtained from the atmosphere, and is intended 
for the nourishment of the plant; for we can 
scarcely suppose that so large a quantity of mois- 
ture can be thrown out as a excretion, in a plant 
growing in the dry, sterile situations where iVe- 
pentkes is found, and for the sole purpose of drown- 
ing a few insects*. Rumphius indeed observes, that 
the insects which crawl into the pitcher all die, 

* Sir E. J. Smith 8)q>po8e8 these pitchers to be merely fly- 
traps; and, speaking of the source of the fluid, says it U 
certainly secreted through the footstalk of the leaf.” Itdrod. 
to Phys. and SytU Bat, p. 197. 

x X 4 
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“ except a small squilla or shrimp, with a gibbous 
“ back, sbmetiines met with, which lives there ; ” 
but it does not appear that putrefaction goes on 
in these pitchers, and the constant renewal of 
the water is, certainly, not favourable to this 
process. 

Another pitcher is the tubular leaf of Sarrace- 
nia, for it can scarcely be termed an appendage, 
seeing that it does not issue from a leaf, but 
originates, directly, from the collar (collet) of the 
plant, which is stemless. In the species before us, 
^.purpurea, the hollow part of the leaf (see 4 , 
page 491) is an infundibuliform, ventricose cavity, 
almost tubular below, and having a wide open 
mouth, bounded in the fore part by a revolute 
lip, and backwards by a broad dilated margin, 
anricled on each side, and somewhat resembling 
the spout of an ewer. In two of the species, 
however, S.Jlava and S. adunca, this expanded 
part of the lip projects forwards over the mouth 
of the cavity, and constitutes a kind of lid, al- 
though not moveable. Tlie lower part of the 
tube terminates in a thick spongy cord, that ul- 
timately expands to form the part which attaches 
it to the plant ; and the remainder of the leaf is a 
thin expansion, extending along the whole front of 
the tubular part. Dividing the funnel or pitcher 
longitudinally, we perceive that its narrower or 
lower half is devoid of any proper cutis, and lined 
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with a reticulated epidermis only, which is studded 
with long hairs all pointing downwards, end co- 
vers a number of glands, the excretory pores of 
which open upon its surface. The ventricose part of 
the funnel is smooth, shining, and lined with a 
cutis closely resembling that of the outside of the 
leaf; this terminates, however, by a well-defined 
line a little below the lip ; and at the faux, if it can 
be so termed, of the funnel, we again find a band 
of the same reticulated, glandular epidermis as at 
its bottom, except that it is devoid of hairs, and 
exudes a sweet, viscid secretion. The whole of the 
interior surface of the dilated lip or hood, is co- 
vered with short stiff hairs, all pointing down- 
wards. The pitchers of Sarracenia vary consi- 
derably in size; some, particularly those of S. 
flava, being often more than three feet in height. 
All of them contain some fluid. The intimate 
structure of the whole is the same as that of the 
leaf. 

If the use of the pitchers in Cephalotus and 
Nepenthes be problematical, there is sufficient evi- 
dence fof asserting, that tliose of Satracenia are 
chiefly intended for fly-traps; and it is very pro- 
bable that the gases, and the other results of the 
putrefactive process, produced by the bodies of 
the insects which enter them and die there, may 
be essential to the healthy economy of the plant. 

According to some observations on the power 
of Sarracenia to entrap insects, made by Dr. 
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Macbride, of South Carolina, it appears that the 
flies, which are attracted to these leaves, first aligfht 
upon the faux of the pitcher, and appear to sip, 
vrith eagerness, the sweet secretion exuded from 
the glandular band, which you have seen is situ- 
ated just below the mar^n. ‘‘ In this position they 
“ linger ; but at length, allured as it would seem 
** by the pleasure of taste, they enter the tubes. 
** The fly which has thus changed its situation, will 
“ be seen to stand unsteadily, it totters for a few 
« seconds, ^lips, and falls to the bottom of the tube, 
“ where it is either drowned, or attempts in vain to 
escape against the points of the hairs*.” Dr. 
Macbride attributes the fall of the fly to the down- 
ward or inverted position of the shoit attenuated 
hmrs at the faux, on which the fly is unable to take 
a hold sufficiently strong to support itself; but 
I am inclined to think that a kind of intoxication 
is produced in the insect, either by the secretion 
it sips, or by some exhalation within the pitcher ; 
for 1 have seen flies, which had fallen, take wing 
within some of the large pitchers, and again dn^ 
before they had reached the faux: and ^e may 
infi^ that this frequently occurs from the humming 
noise uithin the pitcher, which is never heard, but 
when a fly is using the wings. That this seldom 
occurs in S. adunca, the species on which Dr. 
Madiride made his observatums, is probable, be- 

♦ Linnean Transactions^ vol. xii. p. 48. 
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cause the faux in this species is covered by the 
hood, and the light excluded. If the fly attempts 
to crawl op, the inverted position of the hairs is a 
sufficient obstacle to its escape. Spiders, a small 
species of Phalsena, and some other insects which 
enter these tubes, appear, however, to ascend 
without difficulty. 

I have, already, stated my accordance in the 
opinion that these putrefying masses may be* be- 
neficial to the growth of the plant; but this 
conjecture, Mr. Keith observes *, “ cannot be I'e- 
“ garded as quite satisfactory till such time as it 
shall be shown that the health of the plant is 
“ injured when insects are prevented from ap- 
“ proaching it.” It is curious to observe, that 
these fly-traps become serviceable to some indi- 
viduals belonging to the very division of the 
animal creation which they serve to destroy. 
Dr. Macbride says, “ in the putrid masses of 
“ insects thus collected, are always to be seen 
“ one or two maggots in a very active state.” He 
was unable, for some time, to ascertain the in- 
sect to i^iich these belonged ; " but while watch- 
“ ing attentively some tall tubes of Sarracenia 
**Jiava growing in their natural situation, a laige 
“ fly t,” he remarks, caught tny attention : it 

* of Phymi. BoU voL ii. p. 286 

t This viviparous musca was more than double the site of 
the common house-fly, had a reddish head, and the bodyhaify, 
and streaked greyisli. Lin. Trans, I. c. 
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** passed rapidly from one tube to another, delay- 
“ ing scarcely a moment at the faux of each, 
** until it found, as it should seem, one suitable 
** to its purpose; then, hanging its posterior ex- 
“ tremity over the margin, it ejected, on the in- 
“ terual surface of the tube, a larva with a black 
“ bead, which immediately proceeded downwards 
“ with a brisk vermicular motion.” Sir J.£. Smith, 
also; notices an observation made at the Botanic 
Garden at Liverpool, which shows that, even in this 
country, the Ichneumon fly employs the pitchers 
of these plants for a similar purpose. An Ichneu- 
mon was, one day, observed by one of the gar- 
deners forcing large flies into the tubular cavity of 
a leaf of Sarracenia adunca ; and it is probable, 
that it bad previously deposited its eggs in their 
carcasses, the eggs of the Ichneumon being often 
deposited, and the larvae hatched, in the carcasses 
of other flies or their larvae*. 

c. Peduncular ascidium. This description of 
organ is rarely found on the peduncle. On 
Surnbea Guianensis -f-, however, we find a small 
hollow body, connected with a singulu^ forked 
projection, which rides as it were across the 
flower-stalk: and a similar body, but without 
the fork, is observed on the peduncle of Ruyscbia 

* Some Ichneumons deposit their eggs in the aurelia of 
iBOths and butterflies. 

‘ t Aubl. Boyl. Meyer, FI. Esseqwb. p. 120. 
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clttsuefolia *, and that of Marcgrafia. In these 
instances, however, the name ascidiuni can apply 
to the form only of these organs, as they do 
not appear intended to hold fluids ; and perhaps 
'they may rather be regarded as ascidiform bracteae 
than as ascidia-f*. 

vii. Anomalies. The only appendage which 
I shall notice under this head, belongs to a North 
American plant, Venus’ Fly-trap, Dionoea musd- 
pula ; and it is certainly the most extraordinary 
production of the vegetable kingdom. The leaf of 
this plant is radical, sessile, and nearly spa- 
tulate in figure (Plate 10, fig. 5. c.) : the midrib, 
however, is produced beyond the apex of the leaf, 
and supports an appendage which has some re- 
semblance to a steel trap. It consists of two 
lobes, almost elliptical (fig. 5. b.), connected to- 
gether by a whitish, cartilaginous costa, which is, 
apparently, a production of the midrib of the leaf. 
The lobes resemble the leaf in colour and con- 
sistence, but their margin is somewhat cartilagi- 
nous, and furnished witlt long setaceous teeth, 
placed at the distance of the tenth of an inch from 
one another. The superior disk of each lobe is 
studded with minute glands, and furnished with 
erect little spines (fig. 5. a.), placed so as to form 
an equilateral triangle, with the apex pointing* 

• Jacq. Amer. Tab. 51. fig. 2. 

f They have been termed Anihocerynium. 
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towards the midrib which unites the lobes. To the 
naked eye, these spines appear like simple bristles ; 
but when they are examined under the microscope, 
each spine is found to consist of two distinct parts ; 
the one (fig. 6. a.), a small cellular papilla; and the 
other ih.), which is supported on its apex, a firm 
tapering pointed body, resembling a small, in- 
verted bodkin. 

This appendage is endowed with so much ir- 
ritability, that as soon as a fiy or other insect 
aHghts upon the upper disk of either of the lobes, 
so as to touch any of the spines, the lobes, if the 
plant be in a healthy condition, immediately 
close upon it; and the spines either empale the 
little animal, or the teeth oi| the edges of the 
lobes, crossing one another, prevent its escape, 
and detain it until it dies. 

The anatomical examination of these lobes does 
not elucidate the phenomenon connected with 
their functions. They resemble a leaf in their 
cellular and vascular structure: the vessels being 
given off from the midrib in arching fascicles, 
which anastomose, towards the outer margin of 
each lobe. The epidermis is glandular, and is 
probably the seat of the irritability of the ap> 
pendage; but, I have not had an opportunity of 
examining it with sufficient care, to enable me to 
determine in what particulars it differs from that 
of the leaf. 
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Mr. Eilis, who first described this carious 
appendage*, imagined that the glands were the ir- 
ritable parts; and that, as soon as an insect 
touched any of these, the motion of the lobes was 
produced. Every other succeeding writer has 
stated, generally, that it is merely necessary to 
touch the upper surface of the lobes to exdite their 
action. From a variety of experiments, however, 

I am convinced that no motion is produced until 
one or other of the spines be touched; and, firom 
the manner in which these are affixed to the pa- 
pillee, and the connexion of the latter with the 
cuticle of the lobes, 1 am induced to suppose, that 
the touching the spines communicates a thrill of 
tremor to every part of the surffice on which they 
are situated, which excites into action the irri- 
tability on which their motion depends. It may 
be stated as an objection to this opinion, that it is 
altogether hypothetical; but no hint that can 
tend to explain so interesting a phenomenon 
should be withheld. 

As the intention of this appendage is evidently 

* The Dionoeg was first brought to this country, in the 
summer of 1768, by Mr, Young, gardener to the Queen; 
and Mr. Ellis described it, and had a drawing and a plate 
<< engraved from a plant which flowered in his chambers in the 
following August. It was fromnhis plate and his characters of 
** the plant, that Linnaeus's description was drawn up for his 
« Mantissa. Vide Smith's Selection of the Correspondence qf 
LinnceuSf vol. i. p. 235, and vol. ii. p. 72. 
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to intrap flies and other insects; this question 
presents itself — what benefit can result to the 
plant from such a function? We may reply, 
that there is reason for supposing that the plant 
derives some advantage either from the putrefac- 
tion of the dead insects, or from something which 
can be obtained from animal matter; a suppo- 
sition, the probability of which is much strength- 
ened by an experiment made by a Mr. Knight 
Having laid fine filaments of raw beef upon 
the appendages of a plant of Dionoea, he found 
that this plant was more luxuriant than any other 
in the same place, although they were all treated 
alike, with the exception of the supply of beef. 
That some principle, therefore, is evolved during 
the decomposition of animal matter, peculiarly 
favourable to the growth of this plant, is pro- 
bable, and to secure this, may be the intention of 
its singular appendages. 

An appendage resembling that of the Dionoea, 
in miniature, is found upon the glume of another 
North American plant, theLeersia lenticularis, 

* Mr. Knight was, at the time of making the experiment, 
gardener to George Hibbert, Esq. and is now a respectable 
nursery.man in the King’s Road, Chelsea. 
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A. The root, SkdiXf consists of 
Caudex, cmder^ 198; 

Rootlets, radiaUmi 19S; 

fibrils, 199. 

In situatimy roots are 
subterraneous, subttrrmeay 189: 
aerial, atreofy 190: 
floating, nattmitiy 191 : 

' parasitical, patm$iHc€ty 189. 

In directmoy 

perpendicular, perpeudumlarety 
199; 

borizontalf horizmtalesy 193 : 
oblique, zhUqtUBy 195. 

In duretimy 
annual, amuay 908: 
luennial, Umnesy 908: 
perennial, permmy 908. 

In siffifimtce, 
woodf, lignoscy 199: 
fleshy, camaMr, 199. 
ln>bm and cmpzd^y 
' slnqfitei HmpiieUt ISO: 

moNT, 189: 
d, articnlatay 140. 

The TOOt is 

Sp. 1 . conical, comcuy ISO; 

var. tu ^indie-shaped, fiui- 
jf^urmky 131 : 

5. tnuMided, premorsay 
139: 


Sp.9. snhfllobiilAri m^ohmdity 134. 
var. a. taxi^gHihmptAy fop^ 
misy 184. 

5. flattened! pkeeui^br^ 
nUsy 134. 

3 . fibrous, 186. 
var. a. filiform, 138. 
5. capillary, 

c. cord-like, fintUifiimisy 
139. 

The branched is 

Sp. 1. branched, rmnasay 140 : 

3. tootlied, defUatOy 140. 

The articulated is 

So. 1. jointed, offscalafe, 141 : 

9, kneed, genicuiatay 141: 
var. a. contorted, cofiteftn,. 
149; 

h. necklace-like, immlifw*' 
miSy 149« 

The appendkgee id the roots are 
realesi eguamay 144: 
suckers, etoltm^y 145: 
tubers, tuberdi 146: 
bulbs, huihiy 164. 

The tuber is 

o. closely attached, e<wi>i»c#iwn; 
comprehending, 

1. the conjoined ovate, cwju- 
gatum ovatumy 149. 
t«*— conjoined club-thlped, 
ciatue/orme etmjunctumy 
160. 

3. fingered, digitutm^ 1^11. 

4. ---pa1mated,p^malM,13l. 

5 . ---bitndled,/«idcidS<i^^ 

b, filipendulous,,/&^wis<fttfiiiii/ com- 
prehending. 
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Sp. 1. th»wo\itaay,aoHtarutm,lS3, 
t, — ooiigregiited) congrega- 
<t(m» 154. 

TlieM5is 

а, Mlubui comprehending 
$p. 1. the superincumbent, soli- 

du9 tuperpoHtuSf 1 66 : 
9. — lateral, lateralis^ 169: 

9* — inetosidg, includenty 171. 
h Mhly^ sfudmtw, 

Sp. 1. the squamous, gquamotus, 
17«: 

9. granulated, gramUaius, 
178. 

e. Laminated, tuntconif, 

Sp. 1 • Concentric, concenhictu^ 179: 
9. neaUing, nufu/ans, 186. 

R. snu comprehends 
The trunk, 979. 

stalk, cnif/ir, 980. 
straw, ctdmm, 981. 
scape, sce^pus, 981. 
stipe, at^g, 989. 

In cmnpoaitioaif the stem is 
simple, aimplex^ 964., 
diinded, trnnMugy 955. 

In dtrecHonf 
1. Erect, crectugf 944. 

Tar* a. straight, atrictua, 945. 

5. flexuose, 245. 

c. tortuous, tortuoaus, 245. 

(f. noddiug, 7iutanaf cernuua, 

946. 

9« . Oblique, obligms, 246. 

Tar. a. ascending, adacendengy 946. 

6. declined, declinatuay 247. 
c. incurred, iticurvua, 947. 

3. Supported, j^cra/vr, 947. 
i* Clanbing, aemdauy 248. 
rar. a. twining, volubiiia, 948. 

5. radicating, radicatUy 949. 
c. climbing, acandena, 951. 
5. I>ecumbent, decumhena, 959. 

б. Procumbent, procumbang, 959. 
Tar. a, creeping, repem, 959. 

^ floating, naimUf 959. 

In (htraiiont 

Annual, anntmg, * 

Biennial, biennis, 

, PereoDia], pei^hmia. 

1ft substance, 

A. Woody, tignosusy 985. 

Sp. 1. solid, getidvsy 986. 

9. fibro^ /brosifs, 986. 


B. Herbaceous, herbaceusy 986. 

Sp. 1. fleshy, camasusy 987. 

9. spongy, apongibsusy 987* 

3. hoWovty ^tuhsugy 987. 
var. a. uninterrupted, sine 
septig transvergisy 987. 

5. interrupted, septis 
transversig interfinctug, 
287. 

In/smt, 

Sp. l. round, teres, cplindricttsy 979. 

9. half round, aemitereay 978. 

3.. compressed, compresansy 973. 
var. a. ts^o-edged, ancepa, 973. 

5. membranaceous, 
loideusy 978. 

4. angled, angulatusy 978. 

var. fl, obtuse, sbtvsb anguh^ 
tusy 273. 

sub-var. a. three-corner- 
ed, trigonusy 974. 
sub-var. f 0 nr>comer- 
ed, tetragmusy 974. 
sub-var. y. five-cornered, 
974. 

sub-var. 9. six-cornered, 
hesagonua, 274. 
sub-var. g. many-cor- 
nered, polpgonttSy 274. 

5. acute, acnt^ angidatuay 
974. 

sub-var. a. triangular, 
triangvlarisy 275. 
sub-var. 0. foui^angled, 
quadrauguktrisy 975. 
sub-var. y. five-angled, 
fptmquangulariay 976. 
sub-var, 9. six-angled, 
aexangulariay ‘275. 
sub-var. i. much' angled, 
imltangtUarigy 975. 

c*. Three-sided^ triputery 
976. 

d. angular, ofigw/osns, 975. 
sul^var. «, fbtrowed, 
guictti^y 975. 
tub-var. 0. itHated, strt- 
a/Ms, 976. 

5. knotted, mdoansy 976* 

6. jointed, arHctdatusy 976. 

7. kneed, 976. 

Branches, 

In the aside qf branckifig, a stem is 
forked or dichotomous, dickotomusy 
957. 
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tridiotomotti^ tricketmmu, t67, 
tlightly>bnincb«d, suiramimts, 9^. 
mucb-branched| famotu$i)m$it 956. 
abruptly*br$iiehe ^9 dcUrmbMit na» 
motus, 257. 

* In^aa'on, branches are 
opposite, oppoHHf 258. 
var. a. Tertictllatedyoerlict7/^V958. 

5. two-ranked, dUiicI^ 259. 
alternate, altemi, 259. 
scattered, sparH, 259. 

** In direction.* 

erect, erecH^ 259. I 

var. a. approximated, adpretti, i 

260. i 

5. inflected, mtrojtcxi, 260. ) 

c, fastigiate,/itfl^Mrt,260. 
spreading, patentee, 260. 
var. a* open, patuii, difuti, 960. 

5. very open, paientiseimi, 
260. 

c* divergtng, divergentee, 

261. 

d» four-banked, brachinti, 
261. 

e* divarioated, divaricati, 
261. 

/. close, confetti, 261. 
g, supported, fiUcrati, 262. 
deflected, deJkJpi, 264. 
pendent,, rejflexi, 264. 
pendulous, pendnli, 264. 

With regard to surface, stems and 
branches are 
Sp. I. Bare, ittidt, 265. 

var. a. shining, htcidi, 265. 

5. smooth, giabri, 265. 

c, even, Im^es, 265. 

d, dott^, pundati, 965. 
e* blotched, ynaewfe/t’, 966. 
/, leafless, aphylli, 266. 
g* unarmed, inermee,966, 
A, eutipvileXCfesit^nUati, 

966. 

2. Coyere^ veeHti, 267. 

?ar. a. leafy, 267. 

i, winged, aioH, 967. 

Ci sh^tfaed, vaginmti, 

967, 

d. stipulate^ sHputedi, 

267. • 

e. tendriHieaiing, drri- 
feri, 267. 

/. bulb-bearing, bulbfferi, 
26B. 


var. spiny, epiftosi, 968. 

5. prickly, acukaii, 268. 
t. bristly, setaceosi, 268. 

5. scaly, eptaimti, 269. 
snb-var. ramentaseons, 
tmentacei, 269. 

/. pubescent, pnketcenlet, 
269. 

snb-tir, o. bpiry, ps/oti, 

969. 

sttb-var. 6. hispid, hie-* 
pidt, 270. 

subrar. tr* dbwny, ro- 
mealMi, 970. 
sub-var. 6. shaggy, tdf- 
/asi, 270. 

sub-var. t. woolly, fa- 
nati, 270. 

sub-var. I. silky, eeticei, 

970. 

«i. powdery^ puherttleH- 
tee, 971. 

sub-var. a. hoary, tnconi, 
271. 

sub-var. 6. mealy, /on- 
Noft, 271. 

sub-var. y, glaucous, 
gUiuci, 271. 
n. clammy, idsoset, 2>l. 
sub-var. a. viscid, ot«- 
citU, 271. 

sub-var. 3. glutinous, 
gluHnoei, 271. 

3. Rough, ew/im, 279. 

var. a. scabrous, e0a5rt, 279. 

5. wi^, vetrwQOei, 279. 
c. vesieiilar,yNyNflo»i, 972. 

C. I^tAVBs, Fo/iki, aretn 

A, the mesponded state, contained in 

Hybbrnacula, 

* epontaneouefy eqearating^ 

Sp. 1. the propago, propago, 450. 

2. — gongyIus,ge#ig3^,46l. 
S. — bulb, 5sdS5«r^~ 459. 
var. eauiinar, coiflkiitt, 459. 
** rematuing attacked, ^ 

4. gems, getamm, 459. 

• var. «. leaf-9eia%;/^j^bm 

5, flower, 467. 
c. mimkb 4^^^ 
In rtfMalieii the gent ^ ^ 

terminal, terminaUe, 499. 
axillary, o*viUaHs, 461. 
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m. a. oppofite, oppoHta, 4G1. 
b, alter&te, altemansy 461 . 
e. qMTa|« ^^iralu, 461. 

In nmmber^ 

•olttifyt 461. 

•«»«««*•» 461. 

In «itmekiKmUy 

tetttley settiUSf 469. 
tt»llied| pedMlk^Ot 463. 

In g^ems the ieaves ttre 
' Folded, 

TMT. a, doubled, cwdupikataf 
‘ 468. 

b, * plaited, pHcttta, 470. 
Orerlappmif. 

Tar« a. imbricate, imbricaUtf 470. 
h, equitant, equitantia^ 470. 

c. obTolute, ohboluta, 471. 

Rolled. 

▼ar. a, convolute, cvfwokUa, 471. 

b. involute, invoUtta, 479. 

c. revolute, repolutOf 479. 

d. circinal, cireinata, 479. 
c. turned down, recUnata, 

473. 

B. iu lAe expanded state leaves 
consist of 

the footstalk, petiohu^ 513. 

expansion, ^e^a, 513. 

In situation the 1^ Is 
radical, radioale^ 533. 
cauiioar, eavditmm, 533. 
rameal, rameurn^ 533. 
seniinaly sendtude^ 534. « 
floral, jiorofe, 535« 

In distrikution leaves are 
opposite, oppositOf 587. 
decussated, decussqta^ 587. 
teniate, temata, 587. 
quatemate, yuaferNa, 537. 
cruciate, cruciatOf 537. 
wborled, verticiUataf 537. 
altmnate, aJUema^ 537. 
spiral, spsTaliOf 537* 
scattered sparsaf 587. 
two-iuolc^, dtsticha, 538. 
tuMi, /asciculttta» 538. 

var« too, tema, guina, 538. 
crowded, crntfertOi 538. 
imbrltet^ imbrkat^ 538* 
roae-^, roseiata, 538* 
erowR^, conaumtiat 580. 

' temdte, tambtsfy 580, 

In dtrecHtkh 

erect, erseUt, 590. 


closely applied, 590. 

spreading, |»afefilta, 599* 
boriaon^, JkoriaontaHop 590. 
nodding, csmuof 590. 
reflex, tefiexa^ 690. 
inflex, tfi/Ifira, 530. 
pendulons, d^Mmdaifsa, 530. 
twisted, eiliquot 530. 
reverse^. rMi^'Nafa, 680. 
unilateral, secmtdof 580. 
procumbent, pnocfaii5«ifta, 530. 

var. a. floating, natOHiia^ 531. 
emerging, emersot 580. 
sunk, submersOf 531. 

In dura<«oa a leaf is 
caducous, cadueum, 
deciduous, decidmm, 
withering, niarctdiaa. 
persistent, persistens. 

In insertion, 
sessile, sessile, £30. 

var. a. embracing, amplexicaule, 
580. 

5. connate, connatum, 539. 
c. sbeatbing, tM^'nanr, 540. 
</. equitant, equitans, 541. 
decurrent, decurrens, 541. 
perfoliate, perfoliatum, 540. 

var. cmnato-pesfoliatum, 530. 
petiolate, petiolatmn, 530. 
var. a. loose, sohttusn, 541. 

5. peltate, peltatum, 516. 
Tbe/oo/rra/5 is 

simple, simplex, 513. 
compound, copnposUus, 513. 

The simple is 

round, teres, 513. 
balf-round, senUteres, 513. 
compressed, compfesstts, 513. 
alienated, alienatus, 514. 
channelled, canaliculaius, 514. 
concave, concavus, 514. 
embracing, anqfdsxms, 616. 
sbeatbing, vagisums, 515* 
inflated, infisdut, 5|5* 

Tbe compound is same, also, 
jiflDted, afftcatels^ dlfl* 
jointless, marticnkam* 517« . 

In relative pmitim 
primary, primarius, 518*^ 
fecondary, secmdaiiits, 518. 
ternary, temarius, 518. 
partial, partialis, 518. 

In respect to appeadmges it is 
winged, alaius, 515. 
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stipulifiirous, stipuliferusf 615. 
glandaliferous^ gtandtaiftTm^ 616. 
Jh reject of espanaton ieavet vary, 

a. The simple leaf in anpetfeiml figure 
is 

capillary, capUlaref 483. 
linear, limure^ 483. 
gramineous, 483. 
needle-shaped, nceronmA, 483. 
awl-shaped, aubuhtum^ 488. 
lanceolate, kineeokUwny 483. 
sword shaped, e7ui/hrme, 488. 
spatulate, apathulmtuMy 483. 
wedge-shaped, cwoeifirime^ 483. 
fan-shaped, fiabellifarme, 488. 
oblong, oblmigumy 483. 
oval, ovalcy 484. 
ovate, ovatumy 484. 
obovate, ohovtUuniy 484. . 
roundish, auhrotundum^ 484. 
circular, orbictUarey 484. 
creseent-shaped, kmuiatumy 484. 
angled, wigulattm^y 486. 
var. a, trumgtdaiumy 485. 

6. qtMdraHgtUatuniy 485. 

c« pentongukUmtiy 486. 
repand, repandumy 485. 
trowel-shaped, deltoideum, 485. 
diamond-shaped, r4om6(n<^m, 486. 
fiddle-shaped, panduneformcy 486. 
lyie-shaped, lyrutum, 486. 
lobed, iobatum, 486. 
var. n. biMfum, 486. 

b, triiobum, 486. 

4. qmadriiobumy 486. 
arrow-shap^, aagittatumy 487. 
halberd-shaped, hastutumy 487. 
heart-shaped, cordatumy 487. 

var. a. obiique cordatumy AB7 • 
kidney-shaped, reniformey 487. 
palmaled, poimaiumy 488. 
incised, iaciniaiumy 488. 
var. a. bHaciuiuiHmy 488. 

6« irUacuiiutmny 488. 

c, quadrikudniatumy 483. 

d, qmatpteiwdniatim, 488. 
mnch part^, muU^mriHumy 488. 
rundnate, TUfUtbmttittMy 488. 
pinnadfid, pirnmi^^Sditmy 483. 
pecdnate, pecHnahmy 489* 
pedate, peshiftmi, 534. 

In aoiid coffiguruHon leaves are 
cylindrical, eyUndraceay 490. 
var. hair-iike, capilktccay 490. 


semtcylindrical, aemicylindraceay 
490. 

tubnlar, tubulmay 490. 
fottr-comered, ieiragotwy 491. 
three-cornered, trigtmoy 491. 
tongue-shaped, Hf^ukUoy 491. 
gibbous, gibboy 491. 
symitar-shaped^ mdHac(farmiay 491 . 
hatchet-shaped, doMr^ormiUy 491. 
compressed, cooqitreaM, 493. 
flat, phna, 493. 
two-^ged, udcipiteay 493. 
spherical, sphearoidet^ 493* • 
ovoid, otfoideoy 493. * 

coccoon-sbaped, fusina, 49^. 
club-shaped, chvatay 493. 
hooked, uncinattUy 493. 
lenticular, lenticulariay 493. 

The apex of the leaf is 
acute, wsutuay 493. 
sharpish, acuiiHaculua, 493. 
spine-pointed, cuapidaiua, 493. 
mucronate, mucronatua, 493. 
awned, ariatatuay 498. 
cirrbose, cirroauay 494. 
obtuse, obtususy 494. 

var. obtnaua aem acuminey 496. 
thickened, ittcraaaatua, 496. 
retuse, retusua, 496. ' 

emarginate, emargittatuay 496. 
truncated, truticatus, 496. 
jagged, pnentorsusy 496. • 
tridentate, tridetitatuay 496. 

In respect to base, the general fignre 
gives its character; but a leaf is 
also 

unequal, vtaaqttale, 497. 

The margin of the leaf is 
♦ entire; 
f* indent^; 
bordered; 

•••* loliy. 

* 

entire, xntegerrimuy 497. 

«# 

sinuated ainamtoy 497. 
gnawed, croio, 497. 
toothed, dafUatay 497* 
var. a. equally, aaqaaHttry 49$, 

b. uneqi^y, inatqmdiiir, 
498. 

c. deeply^ ^ 

d obscurdy, sdsefefer . 498. 

e. doubly, dupUcaie, 49$, 

sawed, aerrafay 498. 
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m* iL 498. 

b, unequ^ly, 

499. 

c« 496* 

di^&aof 498. 
slightly sawed, ierrulahtf 498. 
crenat^, eremta, 499* 
var. A. douhiy, 499. 

8. toatfa^, detaotik-crena- 
ta, 499. 

cremilated, etenuiata, 499. 
sfniMKitt, sTi^oMT, 499. 
unaimd, inmnw, 499. 

*♦# 

carUlagtiious, rar/f/^r^tWir, 500. 
homy, eeiwea, 500. 
ctkaitf, 5oo. 

ifW, ocukatfMdHata^ 500. 
glandular, 500. 

▼ar. gli^ukMo-cilitttaf 500. 
a*## 

retohlte, reuaAffa, 500. 
iuTolate, involutay 500. ' 
nodulM^; itNiiNlala, 500. 
curled, crispoy 500. 

In ruspeet of wffitee a leaf is 
flat, pUtHunty 501. 
smooth, giaknmy ib. 
shining, nitidumy ib. 
lucid, htddtmy ib. 
convex, coiieejwm, ib. 
concave, roncovtim, ib. 
chatmelled, eamlieulatnmy ib. 
haeled, carwaiftm, 509. 
furrowed, tulcatum, tb. 
streaked, HHaHmy ib. 
navelrUke, vm^iHcatfmy ib. 
folded, plicaimny ib, 
waved, tnuMfrwii, ib. 
wrinkled, rugoitmy ib. 
blistered, hillatumy ib.' 
scabrous, fcabrumy ib. 

' rough, aspmmf ib. 
warty, verrucomny ib# . 
pustular, papi&emmi 50tf. 
nuricated, nutricaium^ ib. 
prickly, ethinatumy ib. 
aculeaM, aeukatvmy ib. 

AtjpfdN% ib* 
hirsute, Afrntfifm, ib. 

^Mitly, tb. 

ataigosei' sffi(gssiaH, ibi, 
beardecb 5af5almn, ib. 

In respect of pdbiscmve, 


hairy, ps^SMitft, 504. 
shaggy, ^sUhnmy ib. 
silky, ttfieemny ib. 
downy^ lomefiloncm, ib. 
woolly, kmatwniy ib. 
floceulent, Jhccmmy ib. 
starred, ib. 

From gkrnMatimh 

glai^i^ar, ghmthilonmy 505. 
dott^, ptmdakmy ib. 
viscid, viteidtmy ib. 
hoary, incmumy ib. 
mealy, /arbiosimi, ib. 

Ilf respect nf ee^siir, 

coloured, cohraimny 500. 
variegated, vartegatumy tb. 
blotched, maeultkwmy ib. 
zoned, tmmttmy ib. 

* In the colour it 
sordid, eordidmy 500. 
intense, rnfefiwt, ib. 
lull, sttliirttaas, ib. 

pale, pttlUdusy ib. 

diluted, dike^y \h. 

In shadtKKt^ 
olive, olivaeev 0 y 508. 
sea-green, glmmii tb. 

B. CootpcwMif leaves are 

simply compounded, composito, 519. 
doubly emnpounded, decompositay 
ib. 

much compounded, mipra dreont- 
podtoy ib. 

The nmplp compound leaves are 
ternale, temaia, 519* 
qUadrinate, pmdifVMtay 590. 
quinate, pdnaioy ib. 
fingered, digitatay ib. 

var. mutt^oHokaoy ib. 
umbellate, umhcllatuy ib* 
yoked, conjugntUy ib. 

var. UjugSf ib. 
pinnate, pauuito, ib. 
var. 0 . 591. ' 

5. imp M pimtu vUty ib. 
tf. ctmwopfmioln, tb. 

d, %MoptMfNilo, 599. 

e. o p p mdikpkii i mk h ib. 

/# utkdpm^Amrpkmtday ib. 

. g* idOmfopd^piumdUy ib. 

A. ib. 

k pamuOmy JSdioHt decte- 
. ocmMuoy, i&M9i , , 
ki wrticiUuUh^miUy 59S. 
vertebrated, vertehraiuy 596. 
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The dtfubly cwnpatmded ftire 
twice paired^ HgemmatOf 5S3. 
thrice paired, tergeminatOy 584. * 

twice ternat4, hitertiatAy 684. 
doubly pinnate, hipinnata^ 584. 
conjugated and pinnate, c&njugitttt^ 
pinnatHy 584. 

terna^ and pinnate, temtUa-pin^ 
natOy 584. 

digitated and pinnate, digitiUa-pin- 
natoy ib. 

The much compounded are 

thrice ternate, tritemmtay 585. 
triply pinnate, tripinaaiOy 585*. 

In eubotance the ksaf is 

membcanout, membrmmcmmy 510. 
chaff-Uke, scariooumy 511. 
chavtaceons, chcartaceumy dll. 
leathery, coriaeemiy 511. 
rigid, rigidumy 511. 
fleshy, camosum, 611. 
succulent, ouecuiontumy 511. 

In productions it is 

spine-bearing, opmiferum, 54 1 . 
leaf-bearing, 541. 

flower-bearing, fisnifenmiy 54 1 . 
plant-bearing, ptoltferumy 541. 

D. Gsnerai. Appendages: these 
comprehend. 

Glands, glanduUPy 6»88. 
Pubescence, pubescentiay 637. 
Thoms, spina, 647. 

Prickles, aculeiy 649. 

Props, fulcra, 668. 

Foliaceous appendages, appendix 
culi foliacei. 

vii. Anomalies, mwmalu 

i. Glands, gUtndula, are 
internal, 
external. 

Internal glands are, 

Sp. 1. the follicular gland, g*. /o//t- 
cularis, 630. 

External glands are 
sessile, 
pedicttlated. 

* The sesnA; oompiehsnd 

Sp. r. the simple papillary gland, g, 
papillaris simplex, 638. 

yar. glandnta lentieukaris, 683.* 
8. compoond papillary, papilla- 
rum compost, 683. 

3. scaly, spmmosa, 634. 

The pedicukUed, 


Sp. 1 . the cup-shaped, cgathiformis, 

635. • 

8. — kndb-shaped,* claxtfurmis, 

636. 

a; rr ibipMe, stipitata, 686. 

4. ---r branehedi rnmora, 686. 

ii. Pubeicenoe, pubescentia, com- 

prehends , 
hairi, pUi, 688. 
bristles, seta, 638* 

A hair is, 

Sp. 1. Simple, pikts simplex, 639* 
var. a. awl-shaped, subukttus, 640. 
5. hooked, hamAns, 13. 
e. gland-bearing, glandulosusy 
ib. 

t.oiomyov(ridypikucompositusy 640. 
var. a. feathery, plumosus, ib. 

5. branched, ramosus, ib. 
c. starlike, stellaius, ih» 
The brittle is, 

Sp. 1. Simple, seta simplex, 641. 
var. a. awl-shaped, subulata, 
648. 

5. spindle-shaped, /usjfor^ 
mis, 643. 

8. compound, seta composiia, 643. 
var. a, fothed, Jurcala, 644. 
br fasciculated, fascicu- • 
lata, ib. 

iii. Thorns, spina, are, 

Sp. 1. Simple, spina simplex, 647. 
vai’. solitary, soUtaria, ib. 

8. compound, spina compostla, ib. 
var. a. forked, bipartitm, 648. 

6. three-pronged, tripar- 

tita, ib. 

c. branched, rapiota, ib. 

In situation thorns are 
terminal, terminates, 648. 
amllary, axillares, ib. 
superaaillary, superaxUlares, ib. 
subaxillary, tnferaxUlares, ib. 

iv. Prickles, aculei, 649. 

Sp. 1. straight, recti, 650. ' 

8. curved, curoi, ib. 
var. n. incuroi, Ib. 

5. recurvi, ib. 

^ spii^, drdnnaii, ib. 

In comporiHon th^jr are 
in pairs, gemmoH, 650. 
palmaied, paknaH, ib. x < « 

V. Props, omaprebend 

* tendrils, eirtU, 653. ' 
claws, claiokuU, 656. 


Y Y 4 



INDSX FIRST. 


bladders, 661. 

*••• books, 662. 

The tendrU it, 

Sp. 1. Simple, cirrhu$ nmpkx^ 653, 
3. .coiii|Mniind, cerntpce^, ib« 
var. «« bidd, djddbe, ib. 

5, tri&d, trifidxti ib. 
c, branched, femeMM, ib. 
In MitutttioH the tendril it 
axillary, axiUariSf 653. 
tttbaxillary, wbastUnrit, ib. 
latei'al, latemlu^ tb. ‘ 
opi^tte, ^pp08ii^okmf ib. 
petidlar, petiolari*f ib. 
foliar, /Uutm, ib. 

In (HrectioH : 

conroloto, cmwmlutui^ 666. 
levolnte, rewduhu, ib. 

The claw is, 

Sp. 1. cirrbal, dM/ormitf 666. 

2. radionlar, radic\/ormUf ib. 
oeo the bladder, ampulla^ 661. 
the hook, hamu9i 662. 
vi. FoUacecut appeadagct 
Sp. 1. the stipule, sti/wla, 662. 

In duration it is 
. fugacious, fugax, 663. 


deciduous, deddua^ 663. 
persistent, perHsitn^ ib. 

In number : 

solitary, miitaria, 664. 
twin, 3 ^mtNa, ib. 

In 

Itufyi /oUaceaf 664. 
membranous, tHembranaceOf ib. 
chaff-like, *cttrio9af ib. 

In ntuatien : 

lateral, lateralu, 666. 
intermediate, intermedia^ ib. 
embracing, ampUxana^ ib. 
sheathing, «s|gmese, ib. 

far. hypecraterifirmwt ib. 
maigaHd, marginaUef ib. 
inMfoliaceons, imintfolettceaf ib. 
extrafoliaceous, exirrifidiacea^ ib. 
3. The bracte, braeiea^ 667. 
var. a. spathe, ejmtka, ib. 

b, involucre, tmfohtcmm^ ib. 
3. The pitcher, ascidium, 669. 

Sp. I. cBulinac, caulimm^ ib. 

2. foliar, epiphpUum^ 672. 

8. peduncular, peduncularey 
684. 

vii. anomafous, anormce, 686. 
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AERiAJLf f^vplicRtioji af the tenu to leaves^ 598. 

.Sfcalut HippocasUtnum^ structure of its gems, 463: 

Ameriemka^ its foliar apertures, 611, 615. 

^gpttHuo Mandirotoy extract from bis treatise, 645. 

Air, a eompoitent of soils, 918. 

Yitiat^ by vegetating roots, 919. 

— kind of, contained in hollow stems, 494. 

Alburnum, its character, 336. 

changes Into hard wood, 337. 

— hardens when a tree is larked, 337. 

simple hardening of, does not constitute wood, 338. 

formation of the, 340. 

■■ " ■■■ dies when exposed to the air, 354. 

is a reservoir of proper juice in winter, 855. 

■■ loses its irritability on becoming wood, 356. 

Algae are propagated by the propagOy 450. 

Alienated leaves, their character, 598. 

Aloe, its leaf hl^s few pneumatic apertures, 618. 

" wccotrinay its proper juice lUTords a dye, 118. 

mode of its growth 905. 

— .. » ■■■ — - structure of its leaf, 569. 

verrMcora, form of its cuticular meshes, 605. 

Altbsea officinalUy structure of its root, 439. 

Annual herbaceous rqpts, structure of, 43 1 . 

■ eones of wood, origin of, 338. 

Annular vessels, their characters, 89. 

Aniboxautbum odoratum is odorous only when dried, 63 1. 
Apertures, foliar, 608. 

their varieties, 6o9. 

their sixe and number, 613. 

' are the exhaling organs of leaves, 610, 619. 

' 'n ■ N ^.|— are the respiratory oigans, 69 1 . 

Aphis, its lateral propagation, 457. 

Appendages, enumeration of, 698. 

'Aquatic plants, structure of their foliar parenchyma, 396. 

■'t' ■■■■"" the leaves have no pneumatie slits, 608. 
Arctium foppe, structure of its root, 433. 

I has the largest leaf*^ any Biitish plant, 546* 

Argillaceous earth, its efihets in soils, 914. 

Ascidittm of Oephalotusj^lf^cu/onb, 670. 

■■ ■■■■■■ II 1 1 Nepenthes DisHlUtiortAy 679. 

Atropa HtUadimnny structure of its root, 439. 
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Banymn tree, a remarkable one, 198. 

Barcle^t Dr. his 0 |»iDioD respecting the cells ef honeycomb, 373. 
Bark, strocture of the, 317* 

— reprodocliotk of the, 

Barley indicates a poor soU, when it has long roots, 824. 

Bawer, Mr. Frond*, his opinion of the cuticle, 300. 

Banhin, Casper, iirat described the potatoe, 87. 

Beanvois, M, de, his opinion reiglsctilig the medullary tube, 367. 
Biennial herbaceous loots, structure of, 343. 

Boerkaave, his definition of a plant, 48. 

Boftnei, his remarks on absorption by leaves, €17. 

Botany, deriva^on of the term, 8. 

■ ' i& antiquity, 6. 

— ; its utility to medicine, 19. 

■ ' ■ its utility to agriculture, 28. 

— ■ its importance as a branch of general education, 89. 
Bradiep, Mr. bis theoiy of grafting, 397. 

Branch, origin of the, 384. 

■ ■ organisation of its germ in the bud, 386*. ’ 

■ ■ ■■ is fully formed when protruded from the bud, 388. 

■ origin of the adventitious, 391* 

buds, when formed, 395. 

■ - ■ ' ■ remain latent, 395. 


' progress of Its germ, when it is not evolved, 403. 
Branching, its theory illustrated by a diagram, 404. 
new theoi 7 of, 891—405. 

BrwrfeU, the restorer of the science of Botany in Europe, 10. 
Bryonia a/5a, structure of its stem, 414. 

its stem contains three kinds of vessels, 419. 

Bads, supposed by Darwin to have a sensorium, 376* ^ 

— origin of, 485 — 895. 

— — contain the germs of future branches, 38€. 

— theory of their formation, 391. 

— do not proceed from the aibnrnous vessels, 393. 

branch, when formed, 395. 

— - are distinct individnals, 895. • 


— stem, when formed, 395. 


effects of temperature on, 399. 

Bulbs, bow to distinguisb from tubers, 1 65* 

. I- — , are reservoirs of nutriment, ib, 
are bybernacola, 165. 

.■, 1 ^ ,., are the lateral progeny of the plant, 165* . 

— are exhausted in pro^eing the stem and leaves, 169. 

I I — are subterraneous buds, 187. 

» scales of, can produce new bulbs, 170. 

flowering, the last of tbe natural series^ 187. 

tbriir vessels may , be ii^ectfd, 161*. 

— — their spiral vesi^ aiu maaiy detected, 134* 

new leaf, are^tbe lateral progeny of the old bnlbs^ 135. 

new, somothnes fbnped within thd old, 131. 

canlinar, structure of, 453. -■ 

erroneously regardedvas gems by limuMit, 453. 

produce leaves only, 453« 

BulHard detected the seeds of fimgi, 458. ^ ^ 
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Cactus* structure of its foliar cells* 599. * 

C^salputtes first classed plauts* 11. 

Calcareous earth* its use in soils* 913. 

■ too much* ii^urious in soils* 3 14. 

Calla JEthiopica, structure of hs leaf* 589. 

Caloric* a part in soils* 321* 

Cambium* 841. 

Camerarius first proved the sexuality of platits|||||3. 

Canna Indica, structure of its leaf, 688. 

Carbonic acid gas* present in soils* 220. 

Carbonated hydrogen gas* formed in soils* 220. 

Carex arenartn* utility of* J93. 

Caterpillar* its tenacity of life, 62. * 

' froxen* lives after it is thawed* 476. 

Caudex* a reservoir of nutriment, 129. 

■■ structure of, in dicotyledons* 406. 

Cells* how those of the pith ai'e formed* 372. 

— — symmetrical arrangement of* in some annual roots* 432. ‘ 

some have transverse slits in their sides* 432. 

longitudinal* in some roots* are valvular* 483. 

lateral communication of* 695. 

- — " ■ their sides are double* 824. 

Cellular integument* its character* 821. 

is the seat of colour* 322. 

— texture* its nature* 71. 

- pores* their existence doubtful* 826. 

Cephalotus foUicularis^ its ascidium* 670. 

Chaptaly his experiments on the proper juice* . 1 20. 

Cherry tree* method of obtaining a dean stem of a* 394. 
ChicoriUm entUvia, structure of its stem* 421.. 

Cissus hedcraceay structure of its claw* 657. 

mode by which it adhrres to walls* i5. 

CofSeBi, Arabicay peculiarity of its foliar glands* 631. 

Collet* part so named by the French Botanists* 408. 
'^f^fomparetti noticed the interstitial cellular spaces, 591. 
Components* general* of the vegetable body* 69* 

Concentric layers* their character* 831. 

- their numbers declare the agejof a tree, 386. 

Conium maculatumy structure of its stem* 424. 

Corona* part so named by Hill, 358. 

Cortex* of solid monocotyledouous stems* 801. 

of dicotyledonous stems* 317. 

Cotyledon cafyeinumy stmeiure of its leaf* 548« 

Cktbb^ JSurr, aecountof* 198. 

Culm, anatomy of its knots* 312. 

use of the cellular matter of its knots* 314. 

Cuticle* structure of that of the stem* 318.^ 

— I ' M - is annually renewed* 321. 

structure of thi^ of the leaf* 600* 

— u i is, not renewed on the leaf* 98. 

' M *. sMcture of its inner layer* 602. 

Cutkinlar meshes are formed by lymphatlos* 604. 

■II. n , , .... diversities of their forms* 605* 

— '■ ■.■■ their sizes* 606. • 

. 1 ... ..I., always parallelograms over costae* 606. 
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Crtbriform their character. Si. 

Cydamen J?a<r<9Mei(i% peculiarity of its root, 1S5. 

D. 

Darwin, Dr. taught that pUnii are aeutumt hetngs, 44. 

' soppotet each joint of the culin an tn^rklual, 310. 

' taught that the spiral Yetaels carry fluids, sflO 

■ — considered the spird vessels absorbents, t&. 

supposes each budaossesses a sensoiium, 870. 

his opinions of the use of the pith erroneous, 375. 

« his poetical theory regarding armature, 65 1 . 

Daucus carata, structure of its root, 435. 

Davy, Sir H. bis renuu^ks on the heat of soils, I . 

— u , - iya the fertility of a soil in East Lothian, 

Decandolle considers the cuticle a compound body, 660. 

— — ■ noticed the cuticular apertures, 607., 

his remarics on foliar transpirations, 618. 

Declivity, effects of, on trees, 863. 

Dtrfmtiaines, his arrangement of stems, 289. 

■ ■ "t ■ « ■ consider^ the cuticle a compound body, 599* 

DevU, his maligntty demonstrated, 138. 

Dicotyledons, structure of their leaves, 578. 

' ' — ■■ ' structure of their stems, 315. 

Dioncea musciptUa, its singular appendage, 685. 

Diotcoridts, bis knowledge of plants, 8. 

Direction of roots, 193. 

deviations from the natural, 204. 

Disksof fbeleaf, 481. 

Divergent layers, 303. 

are not processes of the pith, 335. 

Dracena, its mode of growth, 305. 

■ has a pmctum viiaU in the axilla of every leaf, 306. 

Du Hamel, his opinion regarding fibrils, 189. 

* M . believed the liber changed to alburnum, 388. 

iiis opinion regarding the formation of wood, 339. 

' " -■■■■ first noticed the reprodnction of bark, 347. 

— - his opinion regarding branches, 390. 

- considered the cuticle a simple body, 559. 

£. 

Earth, general components of, 813. 

" vcgc^le, 806. 

EUis, Hr, his opinion respecting the communication of cells, 373. 

I ' supposed that the glands in Dioncea were the seat of its irritability, 

636. 

Entire vessels, their character, 80. 

Epidermic, its character, 93. ' 

. is destiinte of vessels, 96. " 

the old, is pushed outwards, 98. 

Hies of the, 99. 

it adiitinct organ, lOl. ^ 

• F. ' 

Fermgiiious, in soils, 815. 

FUuilf are anmialpr^uctions, 130, 867, 418. 

■ — aie the absorbing mouths of the root, 136, 806. . ^ 

- structure of the, 410. 

Ficus elmtica, hesutiful foliation of, 470. 
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Ficuft Indicay a remarkable tree» 198. ^ 

Final caasesy conclusions drawn fitna, 651. 

Foliation 9 469. 

Fontana snpposed be saw globules in the propcrjulae^ 1 19. 
Footstalk, a part of tbe leaf» 480. 

Forest trees, sugg^festions regarding their stems, 394^ 

Fungi, structme of their stems, 898. 

are erronaously suf^posed to be propagated hf gongyli, 451. 

G. 

GitrineTf his definition of the propago, 450. 

bis definition of the gongylus, 451. 

Gardeners, their method of obtaining a clean Cherry tree stem, 38%. 
Gaultberia odorata is odorous only in its recent state, 631. 

Gay Imssac, his experiments on vegetable secretions, 1 83. 

Gems are found on tubers, 163. 

— their structure, 463. 

— a knowledge of them is useful to the gardener, 468. 

— contain the rudiments of the branch, 385. 

— origin of, 384. 

are distinct individuals, 386. 

Gerarde, his account of tbe tiuncated root, 132. 

Germ, is at first an isolated speck, 397. 

' how it is evolved, 397. 

Glands, definition of, 629. 

— classification of, 685. 

Glandular texture, its character, 88. 

GieicAett^ Vofi^ supposed tbe cuticular apertures were glands, 607. 
Gramineous plants, the vascular system of their leaves, 561. 

Grew, J>r» first described tbe root of the Primrose, 1 38. 

believed that the liber changed into alburnum, 328. 

supposed that the spiral vessels exist in perfect wood, 360. 

first suggested that the spiral iXsels convey Mp, 365, 

■ bis opinion regarding the pith, 376. 

denied the inosculation of vessels in plants, 581. 

— considered the cuticle a simple body, 599* 

noticed the cuticular apertures, 607. 

Guettard, M. his classification of glands objectionable, 630. 

Gum, its components, 123. 


H. 

Hairs are not absorbing oigans, 647. 

some of them are excretory dnets, 688. 

Jfiaies, Dr. his hypotbesis 9 f the formation of wood, 338. 
- . his opinion of the use of tbe pith, SJfi. 

Haller, Baron, bis extraordinary acquirmneots, 1 8. 
Hedwig’ maintained that spiral vessels exist in wood, 360. 
-■■■■■ ■■- detectedsapin the spiral vessels, 365. » 

his opinion of the cnticnlar meshes, 694. 

— had seen tbe cuticular apertuies, 607* 

Helleborus niger, peculiarity of its foliar dhlls, 588. 

character of its foliar cdlls, 593. 

Heterophyllous plants, their characters, 527. 

Hill^ Mr. Daniel, bit experiments on roots, 220. 

HiU, Dr. first ootioed the medullary sheath, 358. 
hit examination of bods partial, 400, 



'l§Ulf Dr.. li%«|ptiiloa of IbeorigtB of tkt hmuk^ 401. 
Hi}qpiiriftvi(/|rorw, structure of itistM^ 000. 

Mefe, Dr. sui^sed that the liber changes into alburanm, 389. 

bis eatperiineiitiito prof;s the tnuisauitK^ of the liber, 839. 

Hojra earttoM, stmctute of its leaf, 390. 

its citilrealar Mbes, 005. 

Humboldt, Saron, made galtaoic exfiertmeiits oo plants, 43. 
Hfbemacala, definiUon of, 443. 

four kinds of, 450. 

" " are lateral progeny, 449, 

• 

Injecting plants, method of, 73. 

Inner bark, its relative situation, 8^6. 

its stmcture, 837. 

Inorganic bodies form a division of nature, 40. 

Iris Gtrmanica, its foliar cells, 591. 

Jtmuffius, his merits, II. 

■ bis definition of a plant, 41. 

•furuie, M. his opinion of the cuticular meshes, 804. 

JiuMieti, opinion of his works, 87. 


K. 

Aet‘M, the Rev. Mr. hk anatomical arrangement of stems, 390. 

- «— '■■— " ■■'■I'— " " ■.* hff opinion regarding the cellular integument objection* 

able, 883. . 

bis opinion regarding the divergent layers, 835. 

«... 1 II — , I bis opinion regarding the proper juice, 850. 

^ suppoiet the spiral vessels convey both air and sap, 366. 

■ his theory of the use of the pith, 876. 

considers the cuticle a simple body, 599. 

Kieter, M. supports the double character of the cellular partitions, 378. 

■ bis observations on the sap vessels of the Gouid, 437. 

supposes there is a transmutation of vessels, 486. 
notices the interstitial cellular spaces, 591. 

considers that the cuticle is a simple body, 599. 

Knight, Mr. bis opinioas regarding fibrils, 139. 

— his experiments on tuheriferons roots, 158. 

M . bis experiments on the direction of roots, 204. 

' doubts whetlier fibrils be gnnual productions, 308. 

b*» opinions regarding green manure objectionable, 386. 

bis theory of the formation of wood, 844. 

— proves that alburnum is not timnsmatedUber, 843* 
some points in jis theory objectionable, 850. 
bis experiments on the 873. 
his theory of the^iriipn of huda esroneous, 893* 
grafted succmsfully on the tendril of a Vine, 836. 

Knobs, formation of ibosd found on the root, 443. 

Kfodter, M. his opinion of the cuticular meahes, 604. 

L. 

Loctoca roffeo, structure of its stem, 421. 

Ijfthium eyimmnrfo, its scales, 14 f « 

Litbynise«fofwhi«, knobs uresMaetimes found on itt'roots, 448. 

Layers, concentric, of the wood, 8St. 
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LtAre$, mmaki for the iaentaeof the dttoiuiter of items. S4^. 

— their ttofieia the bad, 44«. - 

their erolution from the bad, 469. 
w» to gmus what dowers are to 4$ilt 

— characters of, when growing under water, SSI. 
diriiion of their parti, 461. 

' ' proliferous, their stractiire, 648. 

vascular system of, 548. 

' skeleton, how formed, 548. 

— cellular system of, 686. 

Leontodon Taraxacum^ structure of its root, 437. 

Leuwenkoek had noticed the interstitial cellular spaces, 591. « 
Liber, its structure, SS7. 

is the seat of vitality, 328. 

its importance in giaiting, 328. 

Lichens are said to be propagaM by the propago, 450. 

Licuala spinoaa, size of its leaf, 546. 

Lig^pous dbre, components of, 124. 

— stems arc not all perennial, 422. 

Lilies resemble the Palms in their growth, 306. 

Lilinm svperbum, the attachment of its young bulb, 174. 

catididumy structure of its leaf, 552. 

— its cuticular meshes, 606. 

Lime, its use as a manure, 233. ^ 

Luidsay, Mr. his supposition regarding the inidHUity of Munosa 


375. 

LiiUk, M. bis opinion regarding the structore of cells, 326. 

dentes the existence of the cntieular pores, 873. 

' ■ '■* — his theory of ' the cntieular mesbet ot^actionable, 604. 
Linfuew, biographical sketch of, 14. 

■ — his definition of a plant, 43. 

- fell into an error regarding pmls, 211. 

- - bis theory of the formation bt wood erroneous, 888. 

, bis theory of the use of the pith, 376. 

bis definition of a gland ol^ected to, 626. 

objections to his definition of the hair, 688. 

Liriodendron TvlijAfera^ its beautiful filiation, 473. 

Ludwigs his definition of a plant, 42. 


leiititiva. 


M. 

Magnesian earth, its efiect in soils, 215. 

— * when calcioed is huitfol to plants, 284. 
Malpighif believed in the transmutation of liber, 829. 

' « his opinion regarding the use of the pith, 376. 

— considered the cuticle a sin^e body, 599. . 

bis theory of the oiigiii of thonis, 648. . 

Malpighia, pecoliar bristle on the leaves of, 6^8. 

Manures, in what manner then* effects are produced, 282. 
Marchantia polymgrpha, structure of its leaf, 550. 

I .I.. — its cuticular apertures, 607* 

Medicine, Botany useful in, 19. 

Medulla, its characters, 866. 

- its form rmpilated by circitmstanocs, 867« 

.. 11 —...— variesin4iameter In the sanmetem, 869« 

peculiarity of, in the Walnut tree, 868^ 
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Medulla, in Mignohu, S^t* 

varies in oolonr in different plants, 370. 

"' " I ebaraeter nf its cells, 870. 

distiiictions of the, ^||M by M. Anbeit do Petit Tbooars, 871* 

' " ■ u . the membrane forming its cells is doable, 870* 

1 " its cells commoidcate by pores, 878* 

its use to tbe plant, 874. 

I... Mr. Knight’s experiments on the, 875. 
new tbeoiy of its ase, 877. 

its {nnctions soon cease, 878. 

. ■ — is nerer obliterated in the aotiDd stem, 880. 

4 s never converted into wood, 881. 
lifedailary sbeatfi, its character, 357. 

vessels of the, 858. 

■ I, II cells of the, 859. 

' * I ' the arrangement of its vessels is ri^lated by eireamstancet, 

SOI. 

Membranous texture, 70. 

Mesembryanibemum doiabti/ormef structure of its leaf, 588. 

MicheliuM detected the seeds of Fungi, 451. 

Midrib of the leaf, 460. 

Mirbet, his opinion of vegetable life, 45. 

■ ■■■ bis remarks on fibrils, 207. 

-considers the cellular integument glandular, 828. 

- believes in tbe tradUhtttation of li^r, 329. 

— considers tbe cuticle a simple body, 599. 

" I his opinion of the cuticular mesb^ 604. 

Monocotyledons, strueture of tbeir leaves, 559. 

Mosses are very tenacious of life, 57* 

Musa saptenium^ size of its leaf, 696. 

N. 

Nerium oleander^ structure of its foliar cuticle, 607. 

I ■ ■ — ■ ■ its foliar apertures, 612, 6li 

Nettle, structure of its sting, 643. 

Mckeilsy FrancM, prepared skeleton leaves, 549. 

O. 

fiddler began the Flora 0anica, 18. 

Olive oil, its components, 1 28. 

Oiganic bodies. 41. 

Oscolumscutimnneoratum, 609. 

I . annulare, 610. 

annulare, 610. 

■ qaadrilaterale,.611. 

Oxygene gas, a healthy stimulus to roots, 220. 

Oxygenoos portion of tbe air is vitiated by roots, 219. 

P. 

Palms, structure of their itmtti, 294. 

tbeir mode of growth, 808. 

spapaver somi^ferumf structure of ffs root, 482. 

I Paicndtyma of leaves, its ceilttlar structure, 590* 

^ Perennial herbaceous plants, strudure of their vootSi 487. 

Perforated vessels, tbeir diaracters, 81. 

Petiole is a part of the leaf, 480. 

PHU Thomura, his observatioits on fhraeena, 805. 
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Petit Thauare, bU theory of the origin of wood, dSg. 

of the dimgent loyert, 358. 

Phas^Ius vulgarity structure of iU pcikde, 577. 

Physiognomy of plants, impoitanGeof altondiiigto U, SC 5. 

Phytology, definition of, S. . 

PHii, its cfaaraoters, 366. 

causes which form its celU*into hexagons, 87S. 

— — its use to tbejplant, 374. 

— ' is not the vegetable brain, 874. 

— Mr. Knight's experimenta on It, 375. 

— — new theory of its use, 377. 

— is never obliterated in a sound stem, 380. 

— is never converted into wood, 381. 

Plant, definition of, S. 

Plants, bulbiferous, seldom ripen their seeds, 488, 

- tuberiferous, change their place in the gronad, 1 5S. 

— vital functions of, 80. 

consequences of propagating those from warm climates by slips, 450. 

Platanns criew/e/tr, its gems are latent during summer, 460. 

P/tngr, his limited knowledge of plants, 8. 

Poa trivioHs, its cuticiilar meshes, 605. 

Polypi, how they are nourished, 48. 

Potatoe, when brought to Europe, 97. 

Prickle, its structure, 661. 

Progeny, lateral, is merely an extension of the p3l||pt. 448. 

Proper juice, the vegetable blood, 116. 

is sometimes coloured, 117. 

" ■ effects of the air on, 118. 

■ cannot be procured quite pure, 119. 

supposed to contain globules, 119. 

■II elementary principles of, 191. 

Pubescence is changed by climate and soil, 604, 648. 

■ ' — ' ■ — kinds of, 638, 647. ♦ 

■ « I — affords specific distinctionc, 645. 

• ^/fftes, iron, in large quantity is injmnona In soils, 918. 

R* 

Radicles have no medulla, 408. 

— in the root originate from the medullary sheath, 409. 

in a branch laid down, spring from the alboiaum, 409. 

I always form a right angk w^ the part whence they issue, 4 1 0. 

Radislies, how to produce them early and laig^* 138. 

Radix filipendula, - mistake regarding it, 1 43. 

ib{ri» imagined he had detect globules iu the proper juice, 1 19. 

Italeigk, Sir P^'aiter, did not bring the Potatee to Enrope, 97. 

Ranunculus afumHHe hgs two kinds of leaves, 608. 
itqp, JoAe, his character as a Botanist, 11. 

Resin, its components, 193. • 

Rhod^endFonptmcfafiwi, structure of its foliar glands, 634. 

Roots are not nutritions organs in a^ plants, 197. 

, ■».. filipendulous, not to be confounded with tuberiferous, 1 48. 

— - appendages of, 144. 

■■ in some instances idmnrb nutriment from the idr, 190. 

• some change their place, 193. ^ 

their direction always opposite to timt of rootlets, 1 98. 

■ ■■■» may be produced on the stem and foraaches, 198. 
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Roots mre not elongations of the radtcle> 804. 

■ causes V their tiqperiiiglbfm» 808. 

— — circnmstane^ change their natnral charieter, 800. 
annual, may become perennial, 80S. 

— ste the most vital parts of tbje plant, 809» 

" convert oxygen gas into carbMieadd gas, 81 0. 

economical nses of, 887. * 

, 1 ,— yield medkinal i^ents and dye stuffs, 837. 
structure of, in dtcotyledonous plants, 400. 
cease to elongate when the apex is destioyed, 408. 

- herbaceons, structure of, 431. 

annual, which secrete a milky juloe^ their structure, 482. 

some h^ve no proper vessels, 433. 

Rttbta Hnciorwnf structure of its stem, 419* 

RmnpkttUf a cel^rated Botanist, 13. 

Bush, structure of its stem, 898. 

structure of its medullary cells, 897. 

Bufichi bis mode preparing skeleton leaves, 548. 

& 

Sambttcus nigrat anatomy of its leafy 378. 
sm*. is the vegetable chyle, 104. 

■ its sensible qualities when newly drawn, 1 07. 

ferments when kept, 108. 

^ sugar extracted froa^t, 108. 

- - experiments on it, 

■— > chemical constituents of, 115. 

— — - is found in the ascending vessris'only, 115. * 

— — ■ Feburier erroneously thought it was found in two states, 1 1 •>. 

elementary principles of, 181. 

— « vessels through which it is raised in trees, 888. 

Sap-vessels vary in number and sixe in the tame stem, 487. 

- - are ail punctured in annual roots, 431. 

Sarment, its character, 853. 

Satmure, AT. de, considers the cuticle a compound body, 600. 

' - considers the euticuUur iqieitures glands, 607. 

Scales of bulbs possess a distinct vitality, 178. 

can produce new bulbs, 170. 

of gems differ from leaves, 483. 

resemble seed lobes, 486. 

Schubltr, Professor, bit experiments on calcareous soils, 814. 

Secretions, enumeration of, 188. 

— " principles of, 183. 

Senebier, M. bh opinion regarding the structure of cells, 384. 

■ ■' detected sap in the spiral vessels, 888« 

^verinus, M, A* first taught tbeart of making skeleton leaves, .543. 

Silicious earths, their effects in soils, 81 4« 

Smith, Sir E» J. thinks plants 'are sentient beings, 43. 

— — his opinions regarding fibrilst 

— accords with the opinion of Ibe mioieiits respecting the pith, 

874. 

*Boils, general remarks on, 810. 

general components of, 813« 

" ■■■■■ are bot and cold, 88l« 

— fertility of, 888. 
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Soi]s> effecU of much manure on tbeoi, 388. 

their character known by tbr plaota frn»wiiigr on them, 884t 

— a correct knowledge of tbetu diibcuit to be obtained, 895. 

— method of analysing tfiem, 286‘. 

Sphagnum obtusifolium, structure of its leaf, >581. 

Spiral vessels are not found in old wood, 360. 

' — their characters, 83. 

" ' ■ contract and dilate, 381. 

— — have been considered bronchiie, 883. 

— Mr. Knight's opinions respecting them, 3C4. 

Sjfrengel, his remarks on the leaf of Sphagnum, 55 1 . 

Stems, not present in all plants, 848. 

■ woody, their characters, 885. 

herbaceous, 886. 

" structure of those which consist of a homogeneous mass, 89 1 

monocotyledoiious, general structure of, 883. 

' ba%'e no medullary rays, 308. 

" ' solid, their structure, 894.' 

hollow, their structure, 300. 
dicotyledonous, general structure of, 315. 

woody, structure of, 316*. 

herbaceous, structure of, 41.'). 

— — ligneous, not all perennial, 488. 

■ hollow herbaceous, stniciure of, 423. 

Stem buds, when they are formed, 395. 

Stipe, structure of the, 304. 

Sucker, analogy to the leaf gem and the branch, 14 5. 

Syringa vulgaris^ anatomy of its leaf, 575. 

Systematic Botany, definition of, 2. 


T. 

Temperature, effects of, on plants, 62. 

Tendrils, structure of, 6*54. 

— — — - varieties of, 653. 

Tnenardy his experiments on the Tegetable secretion*?, ! ^ 
Theaphrastuf, his knowledge of Botany, 7. 

Tkummig, his theory of the use of the pith, 896. 
Toothwort, scales of, 145. 

Twtfwforty his character as a Botanist, 1 2. 

Tradescantia virgimea, structure of its stem, 299. 

- - — its lateral shoots, 309. 

Trees, increase very little in cold summers, 337. 

how' to ascertain their age, 336. 

— . are generally barked before they are felled, 337 . 

German foresters object to barking them, 337. 

Treviranus noticed the interstitial cellular spaces, 591. 

- his remarks on foliar transpiration, 6 IS. 

Tubers belong to the stem rather than to tlie root, 14 S. 

are reservoirs of nutriment, 154. 

- formation of, 1 55. » 

— - anatomy of, 159. 

— " their connexion with their o£^ts, 161. 

- ‘ organization of, 168. 

■ gems on, how fonnod, 168. 

— anb bybemacula, 164. 





Vaiottiar leitiii% 75. 

lafgr'ol tlie bark, 5t5» 

VfigajMby definition of the* 49. 

• Ibrpkiitf of, dd wintef* fift*- 
gland* definitimi^ On, 997. 
earth, coiB|ioiieai».^, 915. 

Vegetables, th^ potseat 93. 

— , ?>■' ■' resemble aniim^^ imy respeets, 8S. 

arc sentient b^nga* 34* 

Vdnnil4y.tiap, its siogular sqppendage, 635. 

Vereniea Cimofdiyog its pabesoeoce is biluriotts, 645. 
variem ofp in the vegetable, 79. 

• eotise* tbehr chancter, 80. 

• perfonMf Bl. 

‘ ir« 6ft. 


• spiral, $a. 

• 9iiigadi 


i« MlilMl XfOU 

Vine, peenliaritjinthe«(%lA nf il»b^ B99» 
aimolttia its rooHeta, 406. 

Vb^te creeper. Its posrer Of to iqMrigbi bodies^ 656- 

bmotibos of plants that depend na it, 53. 

of Sl^, tl6. 

toe wikB of It is kdnrieiis to 816. 

Wbifil^ tructus e of its stem, 600. 

‘ifWdmHP, hit opini^ ragttding fibfUi^ Ift6v 

* ■ states Hie prkjue to be rasovdar, 65K 

" hisoninienregaplbigtaodl^ 654. 

Wo«d» bllalhre sitnation of it in stems, 869. 

■#«■■■- diiiti mnloiidanda ioftslnie, aao. 

> Otooentrk of ^m/ 38K 
origiii of tim annttil jptai fid, 368. 

• jvse of ittoUio pM^ 654. 
period at ivhidi it is oain|iateijr|B4orated, 357* 
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